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Abstract of JP 3066387 (A) 

PURPOSE:To automatize the start of irradiation and 
to reduce the fatigue at the time of irradiation by 
providing a means for executing alternately the 
irradiation and the stop of an irradiation probe, and 
varying independently an interval of an irradiation 
period and a stop period on an electric control part. 
CONSTITUTIONS the time of executing the optical 
depilation, a use condition of a light emission source 
of each color, that is, changeover switches SWR, 
SWB, strength setting parts VI R, VIB, irradiation 
period setting parts VTR1 , VTB1 , and stop period 
setting parts VTR1 , VTB1 are set. In the case of 
radiating a red light, a red color irradiation probe 5 is 
installed in a photoconductor cable connector 8, and 
the selection of a use light source is switched to a 
contact position R by a switch SWS.; Also, in the 
case of a blue color, the switch SWS is switched to a 
contact position B. A red color or blue color light 
emission source always execute a light emission 
and a stop in accordance with the sequence. 
Therefore, a user moves the irradiation probe to a 
desired part of the skin in the course of a stop 
period, and executes the radiation during the 
irradiation period for pressing and fixing it. Since the 
start of irradiation is determined automatically in the 
device, fatigue is not generated against use of many 
hours. 
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Abstract of JP 10165410 (A) 

PROBLEM TO BE SOLVED: To provide a 
compound containing chromophore used to smooth 
a skin and cut a tissue using a laser which emits 
light in a visible spectrum area or infrared ray 
spectrum area. SOLUTION: By applying a 
compound containing chromophore to a skin 
surface, a light absorption ability is obtained which 
prevents a laser energy transmitted into the skin 
from causing unwanted irreversible damage to 
tissue or cells, and a light energy can be converted 
into a thermal energy locally at the compound 
applied. 
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Abstract of JP 11047146 (A) 

PROBLEM TO BE SOLVED: To easily perform 
treatments such that parts requiring different cauteri 
zation levels are juxtaposed. SOLUTION: A laser 
application device has a beam scan means 2 
applying a laser beam to the area for cauterization 
by scanning, and has a cauterization control means 

3 for juxtaposing a first cauterization level part A v 

where cauterization depth in the skin is great and a v : - ; y. / 

second cauterization level part where the / 
cauterization level is shallower than in the first K f^y- 

cauterization level part, or an uncauterized part, r - — - *\ v .£ 

during the application of the laser beam in the [ |. x 

scanning fashion. f. * (. 
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PROBLEM TO BE SOLVED: To obtain an efficient 
and easy front surface cooling method at the time of 
a laser irradiation. SOLUTION: In a method for 
destroying a specified subcutaneous tissue and 
medically treating it by the irradiation of a laser 
beam, a mist-state liquid is sprayed to an epidermis 
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promoted and the heat of the epidermis is taken L \ | : 
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Abstract of JP 2000300684 (A) 

PROBLEM TO BE SOLVED: To reduce heat 
damage to a skin caused by the continuous 
radiation of laser beams by providing a control 
means for controlling a scanning means to radiate a 
laser according to the irradiation order of respective 
spot position determined by an order determining 
means. SOLUTION: The order of spots for laser 
irradiation is previously stored in a memory 52 
corresponding to the pattern of scanning shape and 
size and a scanner controller 51 reads a 
corresponding pattern from the set scanning shape 
out of the memory 52 through a control part 50 and 
controls driving of respective driving motors based 
on this information. In this case, the arrangement of 
regular order can be determined by arithmetic 
processing due to the control part 50 or the like 
based on the distribution information of spot 
positions found from the scanning shape and size as 
well. Therefore, the adjacent beam spot positions or 
scanning lines are not continuously irradiated and 
sufficient cooling time can be applied to one 
irradiated spot. 
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Abstract of JP 2001145520 (A) 

PROBLEM TO BE SOLVED: To provide a mask 
which generates far infrared rays, tenders and 
activates the skin and can give off performe. 

SOLUTION: The inner face of a mask is made into a -r 

recessed face being approximately along the human \. ^ y N s 

face. Far infrared rays are generated by warming it. 
The mask is formed by adding a mineral or ceramic /'\ ' \r 

powder into a heat-resistant plastic type rubber for a /' V . - *'' \ 

mask material. The inner face of the mask is made / \ \ 
into a face with a fine u neve nn ess to obtain a face f \ \ 

with water retention characteristics and a perfume is / \ \ 

sprayed or the perfume is kneaded into a mask \ ,. n '"""-'-v v \ 

formable material to obtain a fragrant mask. A j /'' \ / "\ 

hygienic mask is formed by kneading an anti-fungus !' s : ■: ,^""" Vv *"-^ 1 

agent in the skin part of the inner face of the mask / \ \ ■{ /' j: 

or the whole thickness part of the mask. \-..^ i ? v x _ ^.--^ : 'j 
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Application number: JP200301 92809 20030707 
Priority number(s): JP200301 92809 20030707 

Abstract of JP 2005027702 (A) 

PROBLEM TO BE SOLVED: To provide a face -•••> 

treatment mask capable of treating the face of a f- ) > 

person by utilizing the action of colors on a human : ? ■ 

body and irradiating with light beams of a plurality of % 

colors selectively from light emitting diodes to .,. r-- r , 

effective points on the epidermis of the head or neck !• ; \ ' • « i 

of the person. ; SOLUTION: In the mask for face j v ' : j j 

treatment 10, visible light emitted from the light . -j\>V ?. : i j 

sources P1a, P1b, P1c, P1d, P2a, P2b, P2c and v ? ° ; j c ; 2 i-C-^ *'i>4?\? I 

P2d of each light source part P1 and P2, etc. , , '>-•:;• • ;.-.•.!.. .>:>:.; v ; - - -k , ? i> 

penetrating a transparent or translucent face :: i •, L>: •. -"•.•v?i.; : : 

treatment mask body 11 , is irradiated to the J rS '\H'. : : VVl -f-i- ■■■•■^p*- 

epidermis of the head and neck. The visible light - , ; . ■ . • -p.-, 

radiated to the epidermis of the head and neck has £ j. i ; ' : V'",;^ : --.-P. ■■ 'k'.J':- 

prescribed color patterns, and because of the variety : .;• • J.:iv^.L;vU^ 

of color patterns, different treatment effects / :: *T-- ; ; ['■■'■V : - i-y — ] ' 

according to the patterns can be provided. ; .- r; .: # .• 
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Abstract of JP 9084803 (A) 

PROBLEM TO BE SOLVED: To obtain a laser 
treatment apparatus enabling selective irradiation by 
arbitrarily changing the shape of the mask set to an 
irradiation optical system on the basis of the 
modified image of the image of the lesion part on the 
imaged surface of the body or body cavity. 
SOLUTION: The laser beam emitted from a laser 
oscillator 10 is expanded by a beam expander to be 
collimated by a collimate lens 1 6 to reach the 
surface of a lesion part 22 by an irradiation optical 
system 32. The laser beam transmitted through the 
shape changeable mask 18 arranged to the 
irradiation optical system 31 is condensed to the 
surface of the lesion part 22 by a condensing lens 
20 to perform laser treatment matched with the 
shape of the mask 1 8. At this time, the reflected 
beam from the surface of the lesion part 22 is taken 
out of the irradiation optical system 32 by a half 
mirror 24 to be guided to a television camera 26. 
Herein, the shape of the shape changeable mask 1 8 
is altered and the adjustment of a light cut-off region 
is performed to control the laser treatment shape on 
the surface of the lesion part 22. 
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(71) 3a?iBMTerib: 

AjibTiuynep TpuropuM BopucoBMH 

(72) M3o6peTaTenb: AnbTiuynep rpnropnM BopucoBMH 

(73) naTeHTOo6riaAaTenb: 
AnbTiuynep rpwropuCi BopucoBMH 



(54) HAKOHEHHMK J1A3EPHOI4 CHCTEMbl flJl^ OBPABOTKM BMOJIOrMHECKOM TKAHM 



(57) PecfcepaT: 

ripeAnaraeTCfl ycTpoficTBO, KOTopoe mo>kst 
6"biTb Mcnonb3QBaHO b xnpyprnn, opToneAMM n 
CTOMaTonornM. Yctpomctbo o6ecneHWBaeT 
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npHeMHMKa, KOTOpbIM ABJlfleTCfl npneMHMKOM 
MHcf)opiviaL\HM o cocTOflHHH 6nonornMecKOM 

TKaHH, Heo6xOflMMOW AOCTM>KeHMfl 



onTHMaribHoro pe>KHMa o6pa6oTKM. 1 3.n. cfwibi, 
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(54) TIP PIECE OF LASER SYSTEM FOR TREATING BIOLOGICAL TISSUE 

(57) Abstract: 

FIELD: surgery; orthopedics; stomatology. 
SUBSTANCE: invention offers advantages due 
to fact that interior of tip piece of laser 
system for treating biological tissue 
contains acoustic detector which receives 
information of state of biological tissue to 
be treated. Information thus-received serves 
to optimize tissue treatment process 
conditions. EFFECT: minimum invasive action. 
2 cl, 2 dwg 
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M3o6peTeHne othocmtca k mbahljui-ickqm 

T8XHMKB H MO>KBT 6blTb MCnOJlb30BaHO B 

xnpyprnn, opToneflnn m CTOMaTonorwM AJifl 

06pa60TKM MflTKMX M TBepflblX TK3HSM . 

M3BecTeH HaKOHSHHMK na3epHoro CKanbnenn, 
co Ae p>Ka i_u[ i/i m cpeACTBO flocTaBKM na3epHoro 
M3nyHeHM5R flo noBepxHOCTH o6pa6aTbiBaeMow 

6H0TKaHM [1] 

OCHOBHbIM HeflOCTaTKOM flaHHoro 

yCTpOMCTBa flBJlfieTCfl QTCyTCTBMe B H6M 

uppuraunoHHoro KaHana, a TaioKS cpeAoma, 
no3BonfihOLU I Bro onpeAen^Tb bha 
o6pa6aTbiBaeMOM TKaHM. 

M3BeCTBH TaiOKe Jia3BpHblM HaKOHeHHMK An* 

oopMaujHHbi, KOTopbiM HBrfleTCfl HanGonee 

6J1M3KHM no TeXHMHeCKOM CyLJ^HOCTM H npUHJRT 3a 

npoTOTun [2] 

3tot HaKOHeHHMK coAep>KMT, Kpoivie cpeACTBa 

AOCT3BKH Jia3BpHOrO H3JiyMSHMfl, CpSACTBO 

AOCTaBKM ao noBspxHOCTM o6pa6aTbiBasMOW 
6noTKaHM opoLuatoiAeM >khakoctm. 

OcHOBHbiM HBAOCTaTKOM npoTOTHna 
flBrmBTCfl OTcyTCTBue b HeM npneMHMKa 
MHcjDopMai^ni/i o coctoehhw o6pa6aTbiBaeMofi 
TKaHU, no3BOJiflK)Lnero onpeAeJiMTb ee bma 

3aAana, Ha peiueHMe KOTopofi HanpaBneHO 

M306pBTBHHB, 3aKJlKDHaBTCfl B GQ3AaHMH 

ycTpoPicTBa, oSscnBHUBaraLABro vaooctbo 
npoBeAeHMa na3epHoPi o6pa6oTKM 6noTKaHM npn 

OAHOBpBMBHHOM Onp8A©-TI©HHM BHAa W 
COCTOflHMfl 06pa6aTblBaBM0M ©MOTKaHM, HTO, B 
CBOHD OHBpBAb, O^BCnBHUBaBT MUHMMaJIbHyhD 
MHBa3MBHOCTb. 

3aAana peujaeTCfi npn ocymecTBneHHH 
M3o6peTeHMfl 3a cneT TexHunecKoro pe3ynbTaTa, 
3aKnfOHafOLneroc^ b onTMMi/i3au,MM ycnoBHM 
npneivia HHqbopMau 1 HM o coctoahmm 
o6pa6aTbiBaeMOM TKaHM . 

Tbxhuhsckmm pB3ynbTaT AOCTuraBTCiR tbm, 

HTO BHVTpH HaKOHBHHMKa Jia3BpHOM CUCTSMbl 

Ana o6pa6oTKH ©MOJiornHecKOki TKaHU, 
co as p>Ka la e m cpeACTBO flocTaBKM na3epHoro 
H3nyneHHfl ao noBepxHOCTW 6noTKaHM, 
3aKpenneH aKycTunecKuPi npneMHMK, bxoa 
KOToporo conpflKeH c MecTOM B03AePicTBi/m Ha 

6klOTKaHb, TaK HTO COOTHOLUeHMe paCCTOflHMfl OT 

onTunecKoPi ocm Ha BbixoAe HaKOHeHHUKa ao 

BXOAHOM nOBBpXHOCTM 3 Ky CT H H 6CKO TO 

npHSMHMKa M paCCTOflHUfl OT nOBepXHOCTH 

HaKOHeHHUKa b MecTe ero onTwnecKoro BbixoAa 
AO MecTa B03AeficTBi/ifl Ha 6noTKaHb HaxoAHTCfl 
b npeAenax ot 1: 5 ao 4:1. 3neKTpnHecKMCi 
bhxoa aKycTMHecKoro npneMHMKa coeAMHeH c 
6\noKOM perncTpai^nn n ocpe act bom 

SKpaHnpoBaHHoro Ka6ena. 

B HaKOHeHHMKe MO>KeT coAep>KaTbCfl 
CpeACTBO AOCTaBKM opoLuaKOLneM >kmakoctm ao 

nOBepXHOCTH 6"tfOTKaHM. 

M3BeCTHO, HTO 3CjDqbeKTMBHOCTb na3epHofi 

o6pa6oTKM 6kioriorMHecKOM TKaHU c 
OAHOBpeivieHHbiM o6ecneneHneM HM3KOW 

MHBa3MBHOCTH (CTeneHM HeKp03a) 3aBMCHT OT 

AnnHbi BonHbi m molahoctm na3epHoro 
M3nyHeHH?i, SHeprnn m BpeivieHM na3epHoro 

B03AeMCTBHfl H, PJ]5\ HeKOTOpblX BMAOB TK3HH, 

>km akoct h o ro opoweHMfl 30Hbi na3epHofi 
o6pa6oTKH (cm. HanpuMep, Proceeding of 
Laser-Tissue Interaction V 24-27, January 
1994, Los Angeles, California, Vol 2134A). 

MccneAOBaHMfl, npoBeAeHHbie aBTopoM, 
noKa3ariM, hto npn stom Heo6xoAMMa 
OAHOBpeMeHHaa onTMMH3ai_|n?i yKa3aHHbix 
napaMeTpoB A-n^ Ka>KAoro BMAa 6noTKaHM. 

MHbiMM cnoBaMM, HeoGxoAMMbi: 

BQ3MO>KHOCTb Bbi6opa onTHManbHbix AnnH 
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bojih M3J~iyHeHMM na3epoB MJ1M MX CMecu , 
peri/icTpau,^ npoi4ecca na3epHOM 

AeCTpyKLLMH, BMAa M COCTO^HMfl 6HOTKaHH M 

ynpaBneHHfl a^hhom BoriHbi, MOLAHOCTbKD, 
3HeprneM m BpeivieHeM na3epHoro B03AeMCTBMfl , 
cucTeMa opoujeHun 30Hbi na3epHoCi 
o6"paooTKi/i. 

OnTHMM3aU,Hf1 pe>KMMa 06pa60TKM B03MO>KHa 

npn HannHMM cucTeMbi o6paTHOM cb?13h, 
ooecneHHBafOLnew ynpaBfieHne napaMeTpaMM 
na3epHoro n3nyHeHMfl b 33bhcmmocth ot 
cocTO^HMfi m BHAa o6pa6aTbiBaeMOM TKaHM, T.e. 

HeO^XOAMM npneMHMK MHCjDOpMai4MH o 
COCTOflHMM 06pa6aTblBaeMOM TKaHU, BblXOA 

KOToporo coeAMHeH c 6jiokom ynpaBneHwa 
napaweTpaMM Jia3epHoro M3nyHeHMfl. 

npneMHMKOM HHqbopMai4MM O COCTO^HMM 

o6pa6aTbiBaeMoPi TKaHU MoxeT 6biTb 

aKyCTMHeCKUM npneMHMK 3ByKOBOM BOflHbl, 

KOTopaa o6pa3yeTca b pesynbTaTe Jia3epHoro 
pa3pyujeHMjq 6noTKaHH. fln^ pa3JiMHHbix TKaHeM 
aMnnnTyAa aKycTunecKOM BoriHbi pa3JiHHHa (cm. 
Renso Salimbeni "Shock wave models keep 
laser surgeons on target" Opt Laser Europe 
June 1994, p.p. 37-39). 

ripn pa3pyLueHnn 6woTKaHH Me>KAy HananoM 
B03AeMCTBMfl na3epHoro MMnyribca m 
noflBJieHneM aKycTMHecKoro cumana 
Ha6nK0AsieTCfi BpeMeHHa^ saAep>KKa. BennnnHa 
3TOM 3aAep>KKM onpeAen^eTCfl TpeMfl 
cjDaKTopaMw: paccTO^HMeM ot ncTOHHMKa 3ByKa, 
KOTopbiM ABrmeTCfl o6nyHaeMa?i noBepxHOCTb 
6noTKaHM, ao npneMHMKa, perncTpupytoiAero 

aKyCTMHeCKUM MMnyJIbC; MHTeHCHBHOCTbK) 

na3epHoro M3riyHeHM?i Ha noBepxHOCTM 
o6pa6aTbiBaeMOM TKaHU m BenMHMHOM nopora ee 
pa3pyujeHM5q. 

MccneAOBaHUfl noKa3ann, hto aKycTkinecKMPi 
HMnynbc, B03HMKaHDU4HM npn pa3pyujeHMM 
6noTKaHM c 6onee hh3khm noporoM na3epHoro 
paspyiueHMfl, HanpuMep A^HTHHa, HMeeT 
MeHbLuyio BpeMeHHyno 3aAep>KKM OTHOCMTeribHO 
Hanana na3epHoro HMnynbca, neM a Ky ct m h ecKM m 
MMnynbc, B03HMKaK)U4HM npn pa3pyujeHMM TKaHM 
c 6onee BbicoKMM noporoM pa3pyiueHMfl ; 
HanpMMep 3Mann (cm. G.B. Altshuler, A.V. 
Belikov, at all "Acoustic response of hard 
dental tissues to pulsed laser action". SPIE 
VOL 2080. Dental Applications of Lasers, 
1993, p.p. 97-103). 

TaKMM oo"pa30M, i/iAeHTMctDWKau.Hfl BHAa 
oo"pa6aTbiBaeMofi TKaHU 3aBMCMT ot tohhoctm 
n3MepeHna BpeMeHHOM 3aAep>KKM. 

3aKpenrieHMe a Ky ct m h ecKO ro npneMHi/iKa 
BHyTpw HaKOHeHHUKa ocBo6o>KAaeT 

onepai4MOHHoe none ot AononH h ren bHbix 
npncnoco6neHMM, cboamt k MMHHMyMy 
qbriyKTyai^Hfo napaMeTpoB npHH^Toro 



H 3aBHCMMOCTb 

3aAepKKH OT 
TaiOKe 3aLAHLnaeT 
ot cnyHatiHbix 



aKycTMHecKoro cumana 
BenHHMHbl BpeMeHHOM 
MaHnnyn^u,nki onepaTopa, a 
aKyCTMHeCKHM npweMHMK 
noBpe>KAeHMM. 

noMemeHne aKycTMHecKoro npMeMHMKa c 

3-neKTpMHeCKMM BblXOAOM BHyTpb HaKOHeHHUKa 

BneneT 3a co6om HannHMe b nocneAHeM 
npoBOAHMKa c tokom. B stom cnynae 
Heo6xoAMMO o6e3onacnTb KaK nau,neHTa, TaK m 
onepaTopa ot cnynawHO B03MO>KHbix 
sneKTpoujoKOBbix B03AeMCTBHM. KpoMe Toro, 
HeoSxoAMMa noMexoycTOMHMBas nepeAana 
BbixoAHbix CMTHanoB k 6noKy hx perncTpau.nn. 
no3TOMy coeAHHeHHe BbixoAa aKycTMHecKoro 
npuieMHHKa c onoKOM perncTpai_|nn BbinonHeHO 
nocpeACTBOM 3KpaHnpoBaHHoro Ka6enn. 
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l~lo CBeAeHM^M aBTOpa coBOKynHOCTb 

M3J10>KeHHblX B qbopMyfie M306peTBHM^I 
npH3HaKOB flBJlJReTCfl hobom, a caMO 
TexHMHecKoe peweHMe yAOBneTBOpaeT 
KpnTepura "M3o6peTaTeribCKni?i ypoBeHb". 

Ha cpur. 1 cxewaTHMecKH M3o6pa>KGH 

SSGKOHTaKTHblM HaKOHGHHMK fia3GpHOM CMGTGMbl 

Ana o6pa6oTKH GnoTKaHn; Ha dpwv. 2 KOHTaKTHbiw 

HSKOHGHHUK. 

BecKOHTaKTHbiw HaKOHeHHUK (dpwr. 1) COCTOUT 
M3 Kopnyca 1 , BHyTpn KOToporo pacnono>KeHbi 
omnHecKafl cucTeivia, cocTOflLnaa H3 
onTMnecKoro bojiokhs 2, KonriMMMpyfOLneM nwH3bi 
3, noBopoTHoro 3epKana 4 n cfroKycMpyfOLAeki 
nnH3bi 5 ; a TaiOKe BOAonpoBOAflU-iafl TpyGKa 6 n 
B03AyxonpoBOA^Lna?i Tpy6Ka 7. AKycTMHecKWM 
npneMHUK 8 3aKpenneH BHyTpn HaKOHGHHMKa 
TaKMM o6pa30M, hto ero aKyCTMHeCKUM bxoa 
o6pameH k MecTy B03AeMCTBnn Ha 6noTKaHb 9 
(wcTOHHUKy aKycTunecKoti BoriHbi), a 
aneKTpuHecKnw bhxoa coeAHHeH c ojiokom 
perncTpai4nn 10 nocpeACTBOM SKpaHnpoBaHHoro 
Kaoerm 1 1 . nepeA bxoaom aKycTunecKoro 
npneMHMKa 8 Ha noBepxHOCTH HaKOHeHHMKa 
pacnono>KeHa AnacpparMa 12. PaooHMM 
MHCTpyMeHT 13 (BonoKHO mjim canqbMpoBbiw 

CTep>KeHb) KOHTaKTHOrO HaKOHeMHMKa nOK33aH Ha 

cJdht.2. ripn pa6oTe c hum mgcto B03AeficTBi/m Ha 
6noTKaHb 9 yAaneHO ot noBepxHOCTH 
HaKOHeHHUKa oonbiue, HeM npn paooTe c 

6eCKOHTaKTHblM HaKOHeHHMKOM. 

MecTopacnojio>KeHi/ie aKycTunecKoro 
npneMHUKa 8 onpeAeneHO us cneAytou^nx 
coo6pa>KeHMM. 

YMMTbiBasR, hto HaMMeHbiuee paccTOAHwe ot 
noBepxHOCTM HaKOHGHHMKa ao wiecTa 
B03AeMCTBna Ha 6noTKaHb 9 mo>kgt MGHHTbCfl n 

ATlfl pa3flklMHblX BHAOB TK3HGM M 06pa60TKM 

KOne6\neTCfl ot 8,5 ao 20 mm, a AwaMeTp 
cjooKycupyHDLnew nnH3bi 5 paBeH 3 mm ot 
onTunecKOM ocm cjDOKycupyfOLABM JiMH3bi 5 no 
HanpaBJieHUho, nepneHAMKyrmpHOMy qtom ocm. 
MaKCHManbHO B03MO>KHoe yAaneHne 
aKycTHMecKoro npneMHUKa 8 ot MecTa 
B03AeMCTBMfl Ha 6HOTKaHb 9 orpaHMMMBaeTcs 
CHM>K8HHGM HyBCTBMTGJlbHOCTM OTIOKa 

pGrncTpai^noHHoro a Ky ct h h gcko ro CMTHana n 
SKpaHnpoBaHMSM BXOAa aKycTMHecKoro 
npnGMHMKa 8 pyKOM onepaTopa n cocTaBrmeT 34 

MM. YHMTblBaa 0OpMy HaKOHeHHUKa, 

aKycTunecKUM npweMHMK 8 3aKpenneH nepeA 
6nn>KaMLuePi k MecTy B03AewcTBM5i Ha TKaHb 
BepiuHHOM yma M3rn6a Tena HaKOHeHHMKa TaK, 

HTO COOTHOLUeHUe paCCTOJRHMfl OT OnTMHeCKOM 
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ocm ao bxoahom noBepxHOCTM aKycTMHecKoro 
npMeMHMKa 8 m paccTO^HM^ ot noBepxHOCTM 
HaKOHeHHMKa b MecTe ero onTMnecKoro BbixoAa 

AO MeCTa B03AeMCTBM£l Ha 6"MOTKaHb, H3XOA^TC?1 

b npeflenax ot 1 :5 flo 4:1 . 

MccneAOBaHMfl, npoBeAGHHbiG aBTopoM, 
noKa3ariM 3 hto npM pacnono>KGHMM 
aKycTMHGCKoro npMeMHMKa b yKa3aHHbix 
npeAenax aKycTMHecKaa BoriHa, o6pa3yioLnaflCfl 
npM na3epHOM aSriJRi^MM GMOTKaHeM , MMeeT 
aMnxiMTyAy, AOCTaTOHHyK) Ana perMCTpai4MM 
aKyCTMHeCKMMM npMeMHMKaMM, KpoMe Toro, B 

3tmx npeAenax aMnriMTyAa aKycTMHecKOM BoriHbi 
HeceT MHc(DopMai4Mfo o TMne o6pao"aTbiBaeMOM 

TK3HM. 

flMacpparMa 12 mokbt 6biTb BbinoriHeHa M3 

MGTanriMHGCKOM CjDOpMbl MT1M nOJIMMGpHOM 

nneHKM, porib KOTopbix 3aKJifOHaeTCfl b 3amMTe 
bxoahom noBepxHOCTM a Ky ct m h ecKO ro 
npMeMHMKa 8 ot pa3neTafou4Mxcfl nacTMHeK 
6motk3hm 9 m 6pbi3r BOAbi, a TaiOKe HBnfleTCfl 
pe30HaTopoM aKycTunecKMX Kone6aHHti. 

ripn npaKTMHecKOM peariM3ai4MM HaKOHeHHUKa 
b KanecTBe aKycTMHecKoro npMeMHMKa 8 Bbi6paH 

MMKpOCjDOH CjDMpMbl BptOJIb M K"bep 4138 B 

KOMnneKce c npeAycMfiMTeneM 2633 m 
nepexoflHMKOM UA 0160. 

TaKMM o6pa30M, npeAnaraeMoe ycTpoMCTBO 
HaKOHeHHUKa 3a cneT coBOKynHOCTM 3a?iBn?ieMbix 
npM3HaKOB o6ecneHMBaeT MMHMManbHyio 
TpaBMaTMHHOCTb npM npoBeAeHMM na3epH0M 
o6pa6oTKM 6MonorMHecKOM TKaHM b coneTaHMM c 
yflo6cTBOM npoBefleHMfl o6pa6oTKM. 

cDopwiyna i/i3o6peTeHym: 

1 . HaKOHeHHMK Jia3epHOM CMCTGMbl a^^ 

o6pa6oTKM SMonorMHecKOM TKaHM, co Ae p>Ka m m m 
cpeACTBO AOCTaBKM na3GpHoro M3nyHeHM?i ao 

nOBepXHOCTM 6MOTK3HM , OTJ1MHafOU4MMCfl TeM, 

hto BHyTpM Hero 3aKpenneH aKycTMHecKMM 
npMeMHMK, bxoa KOToporo conpaxeH c MecTOM 

B03AeMCTBMfl Ha 6MOTKaHb TaK, HTO 
COOTHOLUeHUe paCCTOflHUiq OT OnTMHeCKOM ocu Ha 

BblXOAe HaKOHeHHMKa ao bxoahom noBepxHOCTM 
aKycTMHecKoro npMeMHMKa m paccTO^HM^ ot 
noBepxHOCTM HaKOHGHHMKa b MecTG oro 

OnTMHGCKOrO BblXOAa AO MGCTa B03AeMCTBMf1 Ha 

6MOTKaHb HaxoAMTca b npeAenax 1 5 4 1, a 
aneKTpMHecKMM BbixoA coeAMHeH c 6jiokom 
perMCTpai^MM nocpeACTBOM SKpaHMpoBaHHoro 
Ka6erifl. 

2. HaKOHeHHMK no n. 1, OTfiMHaio^MMCfl TeM, 

HTO COAep>KMT CpeACTBO AOCTaBKM opoLuatoL^eM 

>KHflKOCTM flO nOBepXHOCTM 6MOTKaHM. 
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determined according to the level of the peak 
amplitude and the radiation energy is, if necessary, 
adapted to the tissue type. In this way the risk of the 
patient suffering laser trauma during treatment is 
simply eliminated or at least reduced. 
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(57) PecjDepaT: 

M3o6peTeHne othocmtca k Meflni^nHCKOM 

TeXHMKe H MOKeT 6blTb MCnOJlb30BaHO B 

CTOMaTonoruM npn JieneHnn Kapweca n 

npOTe3MpOBaHMM 3y60B. OCHOBHbIM 

h eflocT a t ko m M3BecTHbix cnocoooB o6pa6oTKH 
TBepflbix TKaHefi 3y6a na3epHbiM H3nyMeHneM v\ 
ycTpoficTB, peann3yfOLHnx gt\a cnoco6bi ; 
flBrmeTcs BbicoKaa onacHOCTb HaHeceHna 
na3epHOM TpaBMbi nan.weHTy. LJenbfo 
M3o6peTeHna flB.rmeTCfl CHkiweHkie onacHOCTH 
HaHeceHwa nau,neHTy na3epHOM TpaBMbi 3a cmgt 
o6ecneHeHMfl bo3mo>khocth onpefleneHMfi Tuna 
o6pa6aTbiBaeMOM TKaHH. Yi<a3aHHafl u,e.nb 
flocTi/iraeTCfl TeM, hto b cnocooe oopaooTKM 
TBepflbix TKaHew 3y6a JiasepHbiM HsnyMeHi/ieM, 
BKrifOMajoLnew BosflewcTBue Ha tiohh 3y6a 
na3epHoro HMnynbca, perncTpupyioT 

aKycTunecKUM MMnyribc, B03HMKajoii^nM npn 

B33M MOflGflCTBH H H3fiyMeHH?l C TIOHbfO, no 

nuKOBOM aMnriMTyAe KOToporo onpeAerifiKrr Tun 



o6pa6aTbiBaeMOM TKaHM. YKasaHHan i^e/ib TaioKe 
AOCTuraeTCfl TeM, mto ycTpoMCTBO Ann 
o6pa6oTKM TBepAbix TKaHetf 3y6a Jia3epHbiM 
n3nyHeHneM, cocToaLnee M3 nocneAOBaTeribHO 
pacnono>KeHHbix BAorib onTunecKOM ocm 
HMnynbCHoro na3epa \a cpeACTBa AOCTaBKM 
MsnyHeHU^ ot ria3epa k 3yby, bxoa KOToporo 
onTunecKM conpsweH c BbixoAOM na3epa, 
coAep>KHT aKycTunecKUM npi/ieMHUK m 
M3MepnTerib ni/iKOBOM aMnnnTyAbi 

sneKTpi/iMecKnx HMnyribcoB, bxoa KOToporo 

3TieKTpi/MeCKI/l COnp^>KeH C BblXOAOM 

aKycTMHecKoro npneMHMKa, a BbixoA 
sneKTpuHecKM conpflweH co bxoaom ycTpoficTBa 
HHAHKauuM, npuneM aKycTHHecKufi npneMHUK 
ycTaHOBneH TaKMM o6pasoM ; mto HanpaBJieHne 
ero MaKCMMaribHOM qyBCTBHTenbHoc™ 
cocTaBnsieT c HanpaBneHneM onTunecKOM ocm Ha 
BbixoAe cpeACTBa AOCTaBKW H3JiyHeHHfl ot 
na3epa k 3y6y yron ot , yAOBneTBopAHDU^HM 
ycnoBUHD: 1 1 ° < oc < 86° . 2 c. n 4 3.n.ap-Jibi, 5 nn. 
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(54) METHOD OF TREATMENT OF TOOTH HARD TISSUES BY LASER RADIATION AND DEVICE FOR ITS 
REALIZATION 

(57) Abstract: 

FIELD: medical equipment, applicable in 
stomatology at treatment of caries and 
dental prosthetics. SUBSTANCE: the method 
consists in action of laser pulse on the 
tooth tissue, acoustic pulse arising at 
interaction of radiation with the tissue is 
detected, and the type of the tissue to be 
treated is determined according to the pulse 
peak amplitude. The device uses a pulsed 
laser and means for delivery of radiation 
from the laser to the tooth arranged in 
succession from the laser to the tooth 
arranged in succession in the optimal axis; 
the input of the means of radiation delivery 
is optically integrated with the laser 
output, has an acoustic pickup and an 
electric pulse peak amplitude meter, whose 
input is electrically coupled to the 
acoustic pickup output, and the output is 
electrically coupled to the display unit 
input; the acoustic pickup is installed in 
such a manner that the direction of its 
maximum sensitivity makes up angle a. with 
the direction of the optical axis at the 
output of the radiation delivery means, this 
angle satisfies condition: 1 1°< oc < 86°. EFFECT: 
reduced danger of laser injury to patient. 6 
cl, 5 dwg 
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M3o6peTeHne othocmtch k mbahljui-ickqm 

T8XHMKB M MO>KBT 6blTb MCnOJ1b30BaHO B 

CTOMaTonornn npn neneHnn Kapneca n 
npoTe3npoBaHMM 3y6oB. 

M3BecTeH cnocoo" yAaneHM* HananbHbix 
Kapno3Hbix noBpe>KfleHHM m/mjih KaMHefi 3y6a 
(naTeHT USA 4521194, A 61 C 5/00, npnopnTeT 
22.12.83 r.), BKJiiOHafOLAMM oo"pa6"oTKy TBepAbix 
TKaHeM 3y6a MMnynbCHbiM Jia3epHbiM 

M3JiyHBHHBM. OCHOBHbIM HBflOCTaTKOM flaHHOrO 

cnoco6a nsnnejcn BbicoKan onacHOCTb 
HaHeceHUfl na3epHOM TpaBMbi npn o6paooTKe 
TBepAbix TKaHen 3y6a. 

HaMOonee 6jim3kmm no TexHunecKOM 

CyLL^HOCTH H npMHflTbIM 3a npOTOTMn HBJlfleTCfl 

cnoco6 neneHMfl Heocno>KHeHHoro Kapneca (a. c. 
CCCP N 1593669, A 61 C 5/00, npwopi/rreT 
14.11.85 r. onyoii. 23.09.90 r. Ski N 35), 
BKrifOMajoLAMM o6pa6oTKy TBepflbix TKaHeM 3yoa 
na3epHbiM M3nyHeHneM c atimhom bojihw 2,94 
MKM, ATlMTeribHOCTbK) MMnyribcoB 100-500 mkc, 
MOLUHOCTbhO 0,5-1 ,0 fl)K/MMn, nflOTHOCTbKO 

MOI14HOCTM 2«10 4 ±3»10 Bt/cm 2 , nacTOToi/i 1 Ti^, 

3KCn03MI4HeM 3-30 C. OCHOBHbIM HGflOCTaTKOM 

npoTOTuna flBJ~meTCfl onacHOCTb HaHeceHMfl 
na3epHOM TpaBMbi npn o6pa6oTKe TKaHeM 3y6a, 
CBA3aHHan c OTcyTCTBueM b npoTOTWie 
npoi4eflypbi onpeAeneHMfl Tuna 
o6pa6aTbiBaeMOM TKaHM. 

H3BecTHO ydpoMCTBO Ana o6pa6oTKM 
TBepAbix TKaHeM 3y6a na3epHbiM M3nyHeHneM 
(naTeHT WO 89/08432, A 61 C 5/00, npnopnTeT 
10.03.89 r.), BKniOHajoLAee nocneflOBaTenbHO 
pacnonc»KeHHbie BAonb onTMHecKOM ocm 
MMnyiibCHbiM na3ep m cpeACTBO AOCTaBKH 
M3nyHeHHfl k 3y6y b bha© onTunecKoro BonoKHa. 

OCHOBHbIM H e AO CT aT KO M A&HHOTO yCTpOMCTBa 

^BJi^eTCfl BbicoKa^ onacHOCTb HaHeceHMfl 
na3epHOM TpaBMbi npn oo~pa6oTKe TBepAbix 
TKaHePi 3y6a. 

Han6oriee 6jim3kmm no TexHMHecKOM 

CyLL^HOCTH H npMHflTbIM 3a npOTOTMn ABJIfleTCfl 

ycTpowcTBO Anfl o6pa6oTKM TBepAbix TKaHeM 
sy6a na3epHbiM M3JiyHeHMeM (naTeHT WO 
90/01907, A 61 C 5/00, npnopnTeT 25.08.89 
r.), coAepKaLAee nocneAOBaTenbHO 

pacnono>KeHHbie BAonb onTMHecKOM ocm 
MMnyiibCHbiM na3ep n cpeACTBO AOCTaBKH 
i/i3nyHeHHfl k 3y6y, BKruoHaKOUL^ee OTpe30K 
onTunecKoro BonoKHa, bxoa KOToporo onTunecKH 
conpaweH c BbixoAOM na3epa, n HaKOHeHHMK, 

BXOA KOTOporO OnTMMeCKM COnpa>KeH C BblXOAOM 

onTHHecKoro BonoKHa, a buxoa flBrmeTCfl 

BblXOAOM yCTpOWCTBa. OCHOBHbIM HeAOCTaTKOM 

npoTOTuna flBrmeTca onacHOCTb HaHeceHMfl 
na3epHOM TpaBMbi npn o6pa6oTKe TKaHeM 3y6a, 
CBfl3aHHaa c OTcyTCTBueM b npoTOTune cucTeMbi 
onpefleneHMfl TMna o6pa6aTbiBaeMOM TKaHM. 

3aAaneM, Ha peuueHne kotopom HanpaBneHo 
3aflBfifleMoe n3o6peTeHne, flBrmeTcs CHM>KeHne 
onacHOCTH HaHeceHMfl nai^neHTy Jia3epHOM 
TpaBMbi 3a cneT ooecneneHMfl bo3mo>khoctm 
onpeAeneHMfi TMna o6pa6aTbiBaeMOM TKaHM. 

YKa3aHHa^ 3aAana AocTuraeTCfl TeM, hto b 
cnocoGe o6"paooTKH TBepAbix TKaHeM 3y6a 
na3epHbiM i/i3nyHeHneM, BKJiHDHafOLAeM 
B03AeMCTBne Ha TKaHM 3y6~a na3epHoro 
MMnynbca, perMCTpupyioT aKycTMMecKMM 

MMnyJlbC, B03HMKaK)LHMM npM B3aMMOAeMCTBMM 

M3nyHeHM?i c TKaHbio, no nMKOBOM aMnriMTyAe 
KOToporo onpeAen^ioT TMn o6pa6aTbiBaeMOM 
TKaHM. flrm noBbiiueHMn AOCTOBepHOCTM 
onpeAeneHMfl TMna o6pa6aTbiBaeMOM TKaHM 
yKa3aHHbiPi aKycTMHecKMM MMnyribc 

perMCTpMpyhDT b Anana30He 3ByKOBbix nacTOT 
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85-95 kI~L4. C tom >kb i^enbio OAHOBpeMeHHO c 
perMCTpai4MeM aKycTMHecKoro MMnynbca 
M3Mep?iioT BpeMeHHyio 3aAep>KKy Me>KAy 
na3epHbiM m aKycTM^ecKMM MMnynbcaMM, no 

BeJIMHMHe KOTOpOM yTOHH?1K3T TMn 

o6pa6aTbiBaeMOM TKaHM. 

YKa3aHHafl 3aAana TaioKe AOCTMraeTca TeM, 
hto ycTpoMCTBO Ann oo"pao"oTKM TBepAbix TKaHeM 
3y6a na3epHbiM M3nyHeHMeM, cocTO^Lnee M3 
nocfieAOBaTeribHO pacnorio>KeHHbix BAonb 
onTMHecKOM ocm MMnyribCHoro na3epa m 
cpeACTBa AOCTaBKM M3JiyHeHMfi ot na3epa k 
3y6y, bxoa KOToporo onTMHecKM conp^>KeH c 
BbixoAOM na3epa, coa©P>kht aKycTMHecKMM 
npMeMHMK m M3MepMTerib nMKOBOM aMnriMTyAbi 
aneKTpMHecKMX MMnyribcoB, bxoa KOToporo 
aneKTpMHecKM conp?i>KeH co bxoaom ycTpoMCTBa 

MHAMKai^MM, npMHeM aKyCTMHeCKMM npMeMHMK 

ycTaHOBJieH TaKMM o6pa30M, hto HanpaBJieHMe 

erO MaKCMMaflbHOM HyBCTBMTeJIbHOCTM 

cocTaBJifieT c HanpaBneHMeM onTMHecKOM ocm Ha 
BbixoAe cpeACTBa AOCTaBKM M3nyHeHMfi ot 
na3epa k 3y6y yron oc, yAOBJieTBop?iK)LAMM 
ycnoBMHD! 11° < a < 86° flns noBbiiueHMfl 
AOCTOBepHOCTM onpeAeneHMfl TMna 
o6pa6aTbiBaeMOM TKaHM bxoa M3MepMTerm 
nMKOBOM aMnriMTyAbi aneKTpMHecKMX MMnyribcoB 
sneKTpMHecKM conp^>KeH c BbixoAOM 
aKycTMHecKoro npweMHMKa nepe3 6jiok 
cneKTparibHoro npeo6pa30BaHMfl m cjDMfibTpai^MM 
c nonocoM nponycKaHMa 85-95 kFi\. C tom >Ke 
L^eribK) ycTpoMCTBO AonoriHMTenbHO coAep>KMT 
cfioToperMCTpaTop m 6jiok M3MepeHMa 
BpeMeHHbix MHTepBanoB, npMHeM bxoa 
cjDOToperMCTpaTopa onTMHecKM conpa>KeH c 
BbixoAOM na3epa, a bwxoa sneKTpMHecKM 
conp^>KeH c oahmm M3 bxoaob 6noKa M3MepeHM5R 
BpeMeHHbix MHTepBanoB, BTopoM bxoa KOToporo 
sneKTpMHecKM conpaweH c BbixoAOM 
aKycTMHecKoro npweMHMKa, a buxoa 
aneKTpMHecKM conp?i>KeH co bxoaom ycTpoMCTBa 

MHAMKai^MM. 

Ha 0Mr. 1 AaHbi: (a) a«ycTMHecKMM MMnyribc, 
B03HMKafOLi^MM npM na3epHOM pa3pyujeHMM 
AeHTMHa, (6) aKycTMHecKMM MMnyribc, 
B03HMKaK)U4MM npM na3epHOM pa3pyujeHMM 
3MariM, (b) cneKTpajibHafi 3aBMCMMOCTb 
OTHOllieHM^ axycTMHecKMX MMnyribcoB, 
B03HMKafOLAMM npM na3epHOM pa3pyujeHMM 
AeHTMHa m 3ManM. Ha cf)Mr.2 cxeMaTMHecKM 
noKa3aHbi BpeMeHHbie AnarpaMMbi: (a) 
MHTeHCMBHOCTM Jia3epHoro MMnynbca, (6) 
nnoTHOCTM 3HeprMM na3epHoro M3iiyHeHMfl, 
naAaHDii^ero Ha o6pa6aTbiBaeMyio noBepxHOCTb, 
a TaioKe a Ky ct m h ecKMX MMnyribcoB, 

B03HMKafOU4MX npM pa3pyLLieHMM AeHTMHa (b) m 

SMariM (r). Ha cjDMr.3 noKa3aHa cxeMa 
ycTpoMCTBa no n.4 cjDopMyribi M3o6peTeHM^ Ana 
peanM3ai_^MM cnoco6a no n.1 0opMynbi. Ha 
c|DMr.4 noKa3aHa cxeMa ycTpoMCTBa no n. 5 
cj^opMyribi M3o6peTeHMfl Ana peanM3ai_\MM 
cnoco6a no n.2 cjDopMyribi. Ha dpwv. 5 noKa3aHa 
cxeMa ycTpoMCTBa no n.6 cJ^opMyribi 
M3o6peTeHMfl Anfl peariM3ai4MM cnocoSa no n.3 
cfcopMynbi. 

KaK M3BecTHO, k TBepAbiM TKaHHM 3y6a 

OTHOC51TC?1 3MaJ1b M A^HTMH. lloporM 

pa3pyujeHM?i stmx TKaHeM na3epHbiM 
M3nyHeHMeM pa3fiMHaioTC?i b HecKoribKO pa3, 
npMHeM nopor pa3pyujeHMfl aohtmhb HM>Ke, neM 
nopor pa3pyuueHMn SMariM. l~lpM o6pa6oTKe 
TBepAbix TKaHeM 3y6a na3epHbiM M3nyHeHMeM Ha 
o6pa6aTbiBaeMOM noBepxHOCTM B03HMKaeT 

3p03MOHHblM qtiaKefl, HTO AS-naST HeB03MO>KHblM 

BM3yaribHbiM KOHTporib cocTO^HMfl o6nyHaeMOM 
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noBepxHOCTH TKaHM h onpefleneHne ee Tuna, 
flpyrnivin cnoBaivin, Bpan He b coctoahmm 
onpeflennTb B03AeficTByeT M3nyHeHne Ha SManb 
nnn fleHTHH HenocpeACTBeHHO b npou,ecce 
o6pa6oTKH. ripn 3tom npoi4eflypa na3epHow 
o6pa6oTKM TBepflbix TKaHefi 3y6a conpn>KeHa c 
onacHOCTbfo HaHeceHMfl na3epHOM TpaBMbi 
fleHTMHa hjih nynbnbi b tom cnynae, ecnn 
MMnyribCHoe M3nyneHMe c GHeprneM, 
npeBbiLuajoinefi nopor pa3pyujeHHfl SManM, 
nonaflaeT Ha a©htmh. OcHOBHbiM qbaKTopoM 
pucKa flBrmeTCfl KOHTy3M^ TKaHefi nivinyribcoM 

OTAaHM, B03HMKaHDL14HM npH 3HaHHTeilbHOM 

npeBbiujeHMH GHeprwn M3nyHeHMfl, naflahDL^ero 
Ha o6pa6aTbiBaeiviyK) TKaHb, HaA 3HaneHneM 
nopora paspyweHMfl. ripoBeAeHHbie aBTopaiwi/i 
3KcnepnMeHTaiibHbie nccneAOBaHna pe>KMMOB 
o6pa6oTKM TBepAbix TKaHePi 3y6a 
(G.B.AItshuler, A.V.Belikov, A.V.Erofeev 
"The damaga of hard tooth tissues with laser 
pulses of different duration", Proceeding 
4th International Conference on Laser 
Application in Life Science, 1992, p. 114) 
no3BonnriM BbmBMTb npneivineMbiM c tohkm 
3peHMfi 6e3onacHOCTM npou,eAypbi na3epHOM 
o6pa6oTKM 3y6a Anana30H 3HaHeHMM nnoTHOCTH 
SHeprnn nsnyneHMn. flrm aiviann AonycTHMbiM 
ABrmeTCfl AecsTMKpaTHoe npeBbimeHne 
nnoTHOCTM 3Heprnn na3epHoro M3JiyHeHMfl HaA 
noporoM pa3pyujeHHfl. flna A^HTHHa 
6e3onacHbiM Anana30H npMMepHO BABoe y>Ke 
(T.e. AonycTMiwo riMLUb nflTMKpaTHoe 
npeBbiujeHne nnoTHOCTM 3Heprnn HaA noporoM), 
hto o&baa-meTCfl HenocpeACTBeHHOM 
6nn30CTbK5 A^HTMHa k nynbne. 

flrm yMeHbLueHMw onacHOCTM HaHeceHna 
TpaBMbi nai^neHTy npn o6pa6oTKe TBepAbix 
TKaHew 3y6a na3epHbiM M3nyneHMeM aBTopbi 
npeAnarafOT MAeHTUcjDnu.npoBaTb Tun 
o6pa6aTbiBaeMotf TKaHU (sManb, a©htmh) no 
xapaKTepucTMKaM aKycTunecKnx nivinyribcoB. 
ABTopaMU 3KcnepMMeHTanbHO noKa3aHO, hto 
nuKOBa^ (MaKCHMaribHayi) aivinriMTyAa 
aKycTHHecKoro HMnynbca, B03HMKafOLU,ero npn 
pa3pyiueHMH A^HTHHa (cjDnr.la), cyu^ecTBeHHO (b 

HeCKOJIbKO pa3) OTJIMHaeTCfl OT nUKOBOW 

aivinriMTyAbi aKycTunecKoro MMnyribca, 
B03HHKatoLi^ero npn pa3pyi_ueHMM SMarm 
(c)Dnr.16). TaKMM o6pa30M, BBeAeHne b cnocoo" 
o6pa6oTKM TKaHeM 3y6a onepau,HM perMCTpau.nn 
a Ky ct h h ecKO ro HMnyjibca, B03HM Karaite ro ripn 
B3anMOAewcTBMH H3nyHeHM^ c TKaHbK), no 
nwKOBOM aMnjiMTyAe KOToporo mo>kho 
onpeAejiMTb Tun oGpaoaTbiBaeMOM TKaHM , rbqt 

B03MO>KHOCTb CHMWaTb B CJiyHae Heo6XOAMMOCTH 

3Heprnio M3nyneHM?i, He AonycKaa HaHeceHMfl 
na3epHOM TpaBMbi nau,weHTy. 

ABTopaMU 3KcnepnMeHTanbHO noKa3aHO 
TaioKe, hto Han6onee cymecTBeHHoe pa3JiMHne 
nMKOBbix aMnriMTyA aKycTHHecKMX HMnyribcoB, 
B03HHKafou4Mx npw pa3pyujeHHn 3Mann m 
AeHTMHa, Ha6nfOAaeTCiR b nonoce 3ByKOBbix 
nacTOT 85-95 Kru,. Ha cJdmt.Ib M3o6pa>KeH rpacjDMK 
OTHOujeHMa aMnriMTyA cneKTpoB aKycTHHecKMX 
HMnyribcoB, reHepnpyeMbix b AeHTHHe h 3Mann. 
M3 pMcyHKa bmaho, hto 3HaneHne OTHOLueHMS 

MaKCMMaflbHO MMeHHO B nOJIOCe 3ByKOBblX 

nacTOT 85-95 kI~u,, TaKMM o6pa30M, 
cneKTparibHafi ceneKi4Hfl aKycTHHecKMX 

MMnyJlbCOB A36T B03MO>KHOCTb nOBblCMTb 

AOCTOBepHOCTb onpeAeneHMfl Tuna 
o6pa6aTbiBaeMOM TKaHM . 

I~lpi/i BOSAe^cTBUM Ha TKaHH 3y6a 
MMnyribCHoro na3epHoro H3nyHeHHJR, 3Heprn^ 
KOToporo npeBbiLuaeT Heo6xoAMMoe Ann mx 
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pa3pyujeHMfl 3HaHeHne, b oSineM cnynae 
Ha6nioAaeTCfl BpeMeHHa^ 3aAep>KKa Me>KAy 
HananoM B03AeficTBMfl na3epHoro MMnyribca m 
nofiBJieHHeM a Ky ct h h ecKO ro MMnyribca, 
CBHASTeribCTByKDmero o Hanane pa3pyiueHM5q 
TK3HM . BeriMHUHa 3TOM 3aAep>KKM onpeAejifleTcn 

TpeMfl CjDaKTOpaMM: paCCTOflHHeM OT MCTOHHI/IKa 

3ByKa, KOTopbiM ABrmeTCfl o6nyHaeMa^ 
noBepxHOCTb TKaHM, ao aKycTunecKoro 
npneMHMKa, perkicTpupyfOLi^ero aKycTMHecKMM 
MMnynbc, MHTeHCMBHOCTbfo na3epHoro 
n3nyHeHM5i Ha noBepxHOCTM o6pa6aTbiBaeMoPi 
TKaHU n BennHUHOM nopora ee pa3pyujeHMfl (T.e. 
TunoM o6pa6aTbiBaeMOM TKaHM). Ha cjDnr.2 
npeACTaBfieHbi no^cHawmne BpeMeHHbie 
AnarpaMMbi MHTeHCHBHOCTH na3epHoro 
HMnynbca (a), nnoTHOCTM SHeprnn na3epHoro 
n3nyHeHna, naAatou^ero Ha o6pa6aTbiBaeMyfo 
noBepxHOCTb (6), aKycTunecKnx HMnyribcoB, 
B03HHKaK)LAHx npn paspyujeHnn a©hthh3 (b) m 
3Mann (r). Ha 4>nr.26 nyHKTupoM noKa3aHbi 
ypoBHM nnoTHOCTM SHepr^n, cooTBeTCTBytou^ne 
noporaM pa3pyiueHMfi 3Mann m a©htmh3. V\z 

CjDMT^B.r bmaho, HTO aKyCTHHeCKMM MMnyribc, 
so3HHKafOLAMM npn pa3pyiueHHM A©HTMHa 3 HMeeT 
MeHbiuyio 3aAep>KKy x fl OTHOCMTeribHO Hanana 
na3epHoro MMnyribca, neM aKycTunecKHM 
HMnynbc, B03HMKaioLUMM npw pa3pyujeHHM GMann 
(t 3 ) TaKUM o6pa30M, M3MepeHne BpeMeHHbix 
3aAep>KeK aKycTunecKnx HMnyribcoB 

npeAOCTaBnneT B03MO>KHOCTb yTOHHeHMn Tuna 
o6pa6aTbiBaeMoti TKaHM. 

l~IO CBeAeHM^M aBTOpOB, COBOKynHOCTb 
M3J10>KeHHblX B Q^OpMyfie H30©peTeHH?1 
npH3H3KOB ^BflfieTCfl hobom, a caMO 
Tex huh ecKoe peujeHne yAOBneTBopaeT 
KpnTepnfo "M3o6peTaTeribCKMM ypoBeHb". 

3anBneHHbiM cnoco6 no n.1 qbopMyribi 
n3o6peTeHna MO>KeT 6biTb peajiM30BaH 5 
HanpuMep, c noMOLAbio ycTpoPicTBa, cxeMa 
KOToporo npeACTaBJieHa Ha ctwr.3. Ha cjDnrype 
noKa3aHbi na3ep 1, cpeACTBO AOCTaBKM 
na3epHoro M3JiyHeHM5i ot na3epa k 3y6y 2, bxoa 
KOToporo onTunecKM conp^xeH c bhxoaom 
na3epa, BKriKDHaKiLnee onTunecKoe bojiokho 3 n 
HaKOHeHHUK 4, aKycTunecKMii npneMHUK 5, 
yCTaHOBJieHHblM TaKMM o6pa30M, hto 
HanpaBneHne ero MaKCMMaribHoPi 

HyBCTBMTeribHOCTM cocTaBrmeT c HanpaBneH^ieM 
onTMHecKOM ocm Ha BbixoAe cpeACTBa AOCTaBKH 
n3fiyHeHM^ ot na3epa k 3y6y 
yron a yAOBneTBopflhomnPi ycnoBMK: 
11 ° < a < 86°, n3MepnTerib nuKOBOM aMnriMTyAbi 
sneKTpuHecKnx MMnyribcoB 6, bxoa KOToporo 
sneKTpuHecKM conp^eH c bwxoaom 
aKycTunecKoro npneMHMKa, a buxoa 
sneKTpuHecKM conps>KeH co bxoaom ycTpoticTBa 
HHAMKai4HH 7. 3a?iBn?ieMbiM cnoco6 no n.2 
qbopMynbi n3o6peTeHnn MoxeT 6biTb 
peann30BaH, HanpuMep, c noMombio 
ycTpoPicTBa, cxeMa KOToporo npeACTaBneHa Ha 
c|Dnr.4. Ha qburype noKa3aHbi na3ep 1 , cpeACTBO 
AOCTaBKM na3epHoro n3nyHeHM^ ot na3epa k 
3y6y 2, bxoa KOToporo onTunecKH conpa>KeH c 
BbixoAQM Jia3epa, BKJiMDHaioLL^ee onTunecKoe 

BOJIOKHO 3 H HaKOHeHHUK 4, aKyCTWHeCKMM 

npneMHUK 5, ycTaHOBneHHbm TaKMM o6pa30M, 
hto HanpaBneHne ero MaKCMMaribHOM 
HyBCTBMTeribHOCTM cocTaBrmeT c HanpaBneHMeM 
onTMHecKOM ocm Ha BbixoAe cpeACTBa aoct3bkm 
M3nyneHM5i ot nasepa k 3y6y yron a, 

yAOBJieTBOpflHDLAMM yCJIOBMHD: 

1 1 ° < a < 86° M3MepMTerib nMKOBOM aMnriMTyAbi 
sneKTpMHecKMX MMnyribcoB 6, bxoa KOToporo 
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3J1BKTpMHBCKM COnpfl>KeH C BblXOAOM 

a Ky ct n h 6CKO ro npneMHMKa nepes 6tiok 
cneKTparibHoro npeo6pa30BaHHfi m cjDMnbTpai^MM 
8 c nonocoM nponycKaHMfl 85-95 kTl^, a BbixoA 
3JieKTpMMeCKM COnp?l>KeH CO BXOAOM ycTpoMCTBa 
MHflMKai^MM 7. 3aflBnfieivibiM cnocoo" no n.3 
cfjopMyribi n3o6peTeHMfl mo>kst GbiTb 
peariM30BaH, HanpwMep c noMOLUbfo ycTpowcTBa, 
cxeivia KOToporo npeflCTaBneHa Ha cpnr.5. Ha 
cfwrype noKa3aHbi na3ep 1 , cpeflCTBO flociaBKH 
na3epHoro MsnyneHMfl ot na3epa k 3y6y 2, bxoa 
KOToporo onTunecKM conpfl>KeH c bnxoaom 
na3epa, BKmoHafouj©© onTMHecKoe bojiokho 3 n 
HaKOHeHHUK 4, aKycTunecKUM npneMHUK 5, 

yCTaHOBJieHHblM T3KMM 06pa30M, MTO 

HanpaBneHne ero MaKCMManbHOM 

HyBCTBHTeribHOCTH cocTaBnseT c HanpaBneHneM 
onTMHecKoPi ocu Ha BbixoAe cpeACTBa aoct3bkm 
M3nyHeHHfl ot na3epa k 3y6y 
yron a. yAOBneTBop^KJU^nCi ycnoBMKD; 
11 0 < a < 86° H3MepnTerib nuKOBoPi aMnnnTyAbi 
3 ji b kt p n h ecKnx MMnynbcoB 6, bxoa KOToporo 
sneKTpuHecKM conpn>KeH c bnxoaom 
a Ky ct m h bcko ro npneMHMKa, a BbixoA 
aneKTpuHecKM conpaxeH co bxoaom ycrpoMCTBa 
MHAMKai4nn 7, a TaioKe otiok H3MepeHi/m 
BpeivieHHbix HHTepBanoB 9 n cjDOToperncipaTop 
10, npn^eivi bxoa cjDOToperncTpaTopa onTunecKH 
conpa>KeH c BbixoAOM na3epa, a BbixoA 
aneKTpuHecKM conpa>KeH c oahmm M3 bxoaob 
6noKa M3MepeHM?i BpeivieHHbix HHTepBanoB, 
btopom bxoa KOToporo 3JieKTpnMecKM conpaweH 
c BbixoAOM a Ky ct n m ecKo ro npneMHUKa, a bnxoa 
aneKTpuHecKM conpaxeH co bxoaom ycrpoMCTBa 

MHAMKai4MH. 

npMMep KOHKpeTHOM peanM3auMM cnocooa. 
riepeA HaManoM o6pa6oTKM TBepAbix TKaHefi 
3y6a na3epHbiM H3nyneHMeM npoBOA^T 
Kann6poBKy M3MepnTeribHoro TpaKTa 
ycTpoficTBa. flrifl 3Toro ycTaHaBJiMBaioT ypoBeHb 
SHeprnn reHepai^MM na3epa 1 , npeBbiLuaioLi^MW 
3HaMeHne, cooTBeTCTByioLAee nopory 
pa3pyLueHM5i 3Manii. nocne SToro M3nyHeHne, 
reHepupyeivioe MMnynbCHbiM na3epoM, nepe3 
cpeACTBO AOCTaBKM 2, BKJiioHaioLAee onTunecKoe 

BOJIOKHO 3 M HaKOHeMHHK 4, HanpaBfiiRioT Ha 
o6pa6aTbiBaeiviyK) noBepxHOCTb 
Kann6poBOHHoro o6pa3u,a AeHTMHa. 

OAHOBpeivieHHO c stmm cjooToperncTpaTopoM 10 
perncTpupyHDT na3epHbiPi nMnynbc m b onoKe 
M3MepeHi/m BpeivieHHbix HHTepBanoB 9 
cjonKcupyioT MOMeHT BpeMeHM, 

cooTBeTCTByioLAMM ero Hanany. I~lpn 
pa3pyiueHMH AeHTMHa B03HMKaeT aKycTMHecKMM 
MMnyribc. 3tot aKycTHMecKMCi MMnynbc 
perncTpupyioT pacnonoxeHHbiM B6nn3n 
o6nyHaeMOM 30Hbi aKycTunecKUM npneMHMKOivi 5. 
H3MepnTerieivi nuKOBOM aMnnMTyAbi 6 M3Mep?ifOT 
nuKOByro aMnnMTyAy aKycTunecKoro MMnynbca n 

C|3HKCHpyiOT MOMeHT BpeMeHM, 

cooTBeTCTByioLi^MM Hanany a Ky ct n h ecKo ro 
MMnynbca. B 6noKe n3MepeHMn BpeMeHHbix 
MHTepBanoB onpeAeriflioT 3aAep>KKy Hanana 
axycTHHecKoro HMnyribca OTHOCMTenbHO Hanana 
na3epHoro HMnyribca. B 6noKe cneKTparibHoro 
npeo6pa30BaHna m c^nnbTpaunn 8 npow3BOAflT 
cneKTpanbHoe npeo6pa30BaHne (HanpuMep, 
Oypbe-npeo6pa30BaHne) aKycTunecKoro 
MMnyribca n n3Mep?iioT nuKOByio aMnnnTyAy 
cneKTpa axycTHMecKoro MMnyribca b nonoce 
MacTOT ot 85 ao 95 kTl^. 3Ha^eHMfl nMKOBOM 
aMnriMTyAbi, 3aAep>KKM m nuKOBOM cneKTpanbHOM 
(b yKa3aHHOM A^sina30He) aMnriMTyAbi 
axycTMHecKoro MMnyribca, B03HMKafou4@ro npM 
pa3pyLueHMM AeHTMHa, cjonKCMpyfOT b ycTpoticTBe 
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MHAMKai4MM 7 b KanecTBe STanoHHbix ati^ 
AeHTMHa. nocne GToro MSJiyHeHwe, 
reHepupyeMoe MMnyribCHbiM na3epoM, nepe3 
cpeACTBO AOCTaBKM HanpaBn^HDT Ha 
o6pa6aTbiBaeMyra noBepxHOCTb 
KariM6poBOHHoro o6pa3i4a GMariM. 

OAHOBpeMeHHO c stmm perncTpupyiOT na3epHbiM 
MMnyribc v\ cpMKCMpyioT MOMeHT BpeMeHM, 
cooTBeTCTByfOLi^nM ero Hanany. ripw 
pa3pyujeHMM 3MariM B03HMKaeT aKycTMHecKMM 
MMnyribc. 3tot aKycTMHecKMM MMnyribc 
perMCTpMpyioT pacnono>KeHHbiM botihsm 
o^nynaeMOM 30Hbi aKycTMHecKMM npMeMHMKOM. 
H3MepflioT nuKOByio aMnriMTyAy axycTMHecKoro 
MMnyribca m cf)MKCMpyioT MOMeHT BpeMeHM, 
cooTBeTCTByioLL^MM Hanajiy aKycTM^ecKoro 
MMnyribca. OnpeAeri5RioT 3aAep>KKy Hanana 
aKycTMHecKoro MMnyribca OTHOCMTenbHO Havana 
na3epHoro MMnyribca. l~lpoM3BOAflT 
cneKTpanbHoe npeo6pa30BaHMe (HanpMMep, 
0ypbe-npeo6pa3OBaHne) aKycTMHecKoro 
MMnyribca m M3Mep^ioT nMKOByio aMnriMTyAy 
cneKTpa aKycTMHecKoro MMnyribca b nonoce 
^acTOT ot 85 ao 95 Kl~u,. 3Ha^eHM^ nMKOBOM 
aMnriMTyAbi, saAep>KKM m nMKOBOM cneKTparibHOM 
(b yKa33HHOM Anana30He) aMnriMTyAbi 
aKycTMHecKoro MMnyribca, B03HMKaioLi^ero npM 
pa3pyujeHMM SMariM, cj^MKCMpyioT b KanecTBe 
STanoHHbix Arm 3MariM. nocne Toro KaK 
nonyneHbi GTanoHHbie 3HaneHMfl nMKOBbix 
aMnriMTyA, 3aAep>KeK m nMKOBbix cneKTparibHbix 
aMnriMTyA aKycTMHecKnx MMnynbcoB, 
B03HMKaioLL^MX npM pa3pyiueHMM GManM M 
AeHTMHa, MMnyribCHoe na3epHoe M3nyMeHMe 
HanpaBnjRioT Ha o6pa6aTbiBaeMyio noBepxHOCTb 
TBepAOM TKaHM 3y6a. PerMCTpMpyioT 

aKyCTMHeCKMM MMnyribC, B03HMKaiOL4MM npM 

pa3pyiueHMM TBepAOM TKaHM 3y6a na3epHbiM 
M3nyneHMeM. M3MepflioT nMKOByio aMnriMTyAy 
AaHHoro aKycTMHecKoro MMnyribca m 
cpaBHMBaioT ee c STanoHHbiMM 3HaneHM5iMM 
nMKOBbix aMnriMTyA An^ 3MariM m AOHTMHa. B tom 
cnynae, ecriM M3MepeHHaa nMKOBafi aMnriMTyAa 
aKycTMHecKoro MMnyribca A VAOBneTBopaeT 
ycriOBMio: A<(A 3 +A fl )/2, rAe A 3 , A fl STariOHHbie 
3HaneHMfi nMKOBOM aMnriMTyAbi aKycTunecKMX 
MMnynbcoB, BOSHMKaioLUMX npM na3epHOM 

pa3pyLJJeHMM 3ManM M AOHTMHa COOTBeTCTBeHHO, 

to o6pa6aTbiBaeMyio TBepAyio TKaHb 3y6a 
onpeAerifiioT KaK SMarib, b npoTMBHOM criynae 

K3K ASHTMH. 

flllfl nOBblLUeHMfl AOCTOBepHOCTM 

onpeAeneHMfl TMna o6pa6aTbiBaeMOM TKaHM 
npoM3BOAflT cneKTpanbHoe npeo^pasoBaHMe 
aKycTMHecKoro MMnyribca m M3MepsK)T nMKOBoe 
(MaKCMMaribHoe) 3HaneHMe aMnriMTyAbi cneKTpa 
aKycTMHecKoro MMnyribca b nonoce ^acTOT ot 85 
AO 95 Kl~i4. CpaBHMBaioT ee c 3TanoHHbiMM 
3HaHeHMflMM nMKOBbix aMnnMTyA cneKTpa Ana 
3ManM m AeHTMHa. B tom cnynae, ecnM 
M3MepeHHa?i nMKOBaa aMnnMTyAa cneKTpa 
aKycTMHecKoro MMnynbca b nonoce nacTOT ot 85 
AO 95 kI~I4 S yAOBneTBopyieT ycnoBMio: 
S <(S 3 +S fl /2, rAe S 3 , S fl -STanoHHbie 3HaHeHMfl 
nMKOBOM aMnnMTyAbi cneKTpa aKycTMHecKMX 
MMnynbcoB, BOSHMKaioLAMX npM na3epHOM 

pa3pyLLieHMM GManM M AeHTMHa COOTBeTCTBeHHO, 

to o6pa6aTbiBaeMyio TBepAyHD TKaHb 3y6a 
onpeAenfiioT KaK 3Manb, b npoTMBHOM cnynae - 

K3K A^HTMH. 

flna yTOHHeHMJR TMna o6pa6aTbiBaeMOM 
TKaHM 3y6a c noMOLAbio cf)OToperMCTpaTopa 
perMCTpMpyioT na3epHbiM MMnynbc m cjDMKCMpyioT 
MOMeHT ero Hanana, M3MepfiHDT 3aAep>KKy Me>KAy 
HananoM na3epHoro MMnynbca m HananoM 
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a Ky ct n h bcko ro HMnyjibca, bo3hm Karaite ro npn 
pa3pyLueHnn TKaHM. CpaBHMBafOT ee c 
STanoHHbiMM 3HaHeHM^MM 3aAep>KeK siwann n 
fleHTMHa. B tom cnynae, ecnn M3MepeHHaa 
3aAep>KKa aKycTHMecKoro MMnynbca 

OTHOcnTenbHO na3epHoro 
MMnyribca t yAOBneTBopseT ycnoBUfo: 
t > (is + x fl )/ 2 rfle x 3 , x fl STarioHHbie 3HaneHMfl 
saAepxeK aKycTHMecKnx MMnynbcoB, 

BOSHUKaKJLL^nx npM na3epHOM paspyiueHMH 

3MailH M fleHTHHa COOTBeTCTBeHHO, TO 

o6pa6aTbiBaeiviyK) TBepAyio TKaHb 3y6a 
onpeAensioT KaK 3Manb, b npoTHBHOM cnynae 
KaK AeHTHH. Be3onacHOCTb npoi^eAypbi 
o6pa6oTKM TBepAbix TKaHew 3y6a na3epHbiM 

M3nyHBHHBM OOecneHMBaeTCfl B03MO>KHOCTblO 

ynpaBJieHU^ 3HeprneM reHepaijMM na3epa b 
cooTBeTCTBMH c MHc£opMai4MeM o Tune 
o6pa6aTbiBaeMOM TKaHM. 

flnq nonyneHMfl MHcjDopMai^nn o Tune 
o6pa6aTbiBaeMoi?i TKaHM HeooxoAMMO 
perncTpupoBaTb ahcycTunecKne MMnynbCbi, 
B03HHKatoLi^ne npw pa3pyujeHnn TKaHM 
na3epHbiM MMnynbcoM. I~lpn o6pa6oTKe TKaHU, 
OAHaKO, BQ3HMKafOT aKycTMHecKMe MMnynbCbi, He 
CBA3aHHbie HenocpeACTBeHHO c pa3pyiueHneM 
TKaHM. I4x npwpoAa coctomt b cneflyioLneM. 

noA Ae^cTBueM na3epHoro HMnynbca 
o6pa6aTbiBaeMbie TBepAbie TKaHU 3y6a 
pa3orpeBaioTCfl ao bncokmx TeiwinepaTyp. 
riponcxoAMT mx nacTMHHoe pa3pyi_ueHne n 
kicnapeHne. Pa3orpeTbie ra3bi noA BbicoKMM 
AaBfieHUGM BbiHocflT HaBCTpe^y nasepHOMy 

kl3JiyHeHHK3 HaCTMI^bl TKaHM. 3TM HaCTMI^bl 

pacnpocTpaH^fOTC^ b B03flyxe co CBepx3ByKOBOM 
CKopocTbfo, b pe3yribTaTe nero B03HMKaeT 
yAapHaii aKycTMHecKaa BoriHa. AivinriMTyAa 
yAapHOM BonHbi onpeAermeTCfl CKopocTbio m 
pa3MepoM HacTMi4, He 3aBncnT ot TMna 
o6pa6aTbiBaeMOM TKaHM m npeBbiujaeT bo mhoto 
pa3 (npMMepHO b 10 pa3) aivinriMTyAy none3Horo 
a Ky ct m m ecKO ro MMnyribca, Aenaa ero 
perncTpai4Mfo npaKTunecKM HeB03MO>KHOM. 
OAHaKO yAapHaa BoriHa MMeeT ococeHHOCTM no 

CpaBHeHMK) C aKyCTMHeCKOM BOJIHOM, 

B03HMKatoLueM npM pa3pyujeHMM TKaHM. YAapHaa 
BoriHa flBrmeTCfl HanpaBneHHOM m 
pacnpocTpaHfleTca b y3KOM TenecHOM yme b 
HanpaBneHMM, npoTMBonono>KHOM HanpaBneHMMD 
pacnpocTpaHeHMfl na3epHoro M3nyMeHHfl (T.e. no 
onTMHecKOM ocm). l~lone3Hafl aKycTMHecKaa 
BoriHa 6riM3Ka k ccjDepMHecKOM . ABTopaivin 
SKcnepMMeHTaribHO ycTaHOBiieHa nonyujMpMHa 
AnarpaMMbi HanpaBneHHOCTM yAapHOM 
a Ky ct m h ecKO m BonHbi no ypoBHfo 10 
MaKCMMaribHOM aMnnnTyAbi. flrm mnpoKoro 
Kpyra MMnyribCHbix na3epoB npM pa3JiMHHbix 
napaivieTpax pe>KMMOB na3epHoro bo3a©^ctbma 
Ha 3Manb m ashtmh 3HaneHMe nonyujMpMHbi 
AMarpaMMbi HanpaBneHHOCTM yAapHOM BonHbi 
no A^HHOMy ypoBHK) He npeBbiiuaeT 11°. 
BepxHfifl rpaHMi^a npMeMneMoro Anana30Ha 
yrnoB OTKnoHeHMfl HanpaBneHMM MaKCMManbHOM 
HyBCTBMTeribHOCTM a Ky ct m h ecKO ro npMeMHMKa ot 
onTMHecKOM ocm 86° onpeAermeTca rpaHMi^eM 
a Ky ct m m ecKO m TeHM. TaKMM o6pa3QM 3 
npeAnaraeiwaa b HaorofimeM M3o6peTeHMM 
KOHCTpyKi^Mn ycTpoMCTBa, coAep>KaLnero 

aKyCTMHeCKMM npMeMHMK, yCTaHOBJieHHbIM TaKMM 

o6pa30M, hto HanpaBJieHMe ero MaKCMMaribHOM 
HyBCTBMTeribHOCTM cocTaBJifleT c HanpaBneHMeM 
onTMHecKOM ocm Ha BbixoAe cpeACTBa AOCTaBKM 
M3nyHeHMM ot ria3epa k 3y6y yron a, 
yAOBneTBopflfOLUMM ycnoBMK): 11 ° < a < 86°, 
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HBTlfleTCfl He06X0AMMblM yCJIOBMeM AOCTM>KeHMf1 

peiuaeMOM 3aAaHM. flMarpaMMa 

HanpaBneHHOCTM aKycTMHecKoro npMeMHMKa Ha 
4)nr.3-5 ycnoBHO noKa3aHa lutpmxobkom. 

no n. 4 cjDopMynbi M3o6peTeHM^ ycTpoMCTBO 
coAep>KMT (cm. cfiMr.3) MMnynbCHbiM na3ep 1 , 
BbixoA KOToporo onTMHecKM conpaxeH co 
cpeACTBOM AOCTaBKM M3nyneHM5R ot na3epa k 
3y6y 2, co Ae p>Ka m m m nocneAOBaTenbHO 
pacnono>KeHHbie OTpesoK onTMHecKoro BonoKHa 

3 M HaKOHeHHMK 4. AKyCTMHeCKMM npMeMHMK 5 

ycTaHOBneH TaKMM o6pa30M, hto HanpaBneHMe 
ero MaKCMManbHOM nyBCTBMTenbHOCTM 
cocTaBnaeT c HanpaBneHMeM onTunecKOM ocm Ha 
BbixoAe cpeACTBa AOCTaBKM M3nyneHMfl ot 
na3epa k 3y6y yron, yAOBneTBO parous mm 
3aflBn^eMOMy cooTHOiueHMHD, a BbixoA 
npMeMHMKa nepe3 nMKOBbiM A©TeKTop 6 
aneKTpMHecKM conpn>KeH c ycTpoPicTBOM 

MHAMKai4MM 7. 

l~lo n.5 cf)opMynbi M3o6peTeHM^ ycTpoMCTBO 
AononHMTenbHO coAep>KMT (cm. c|DMr.4) ojiok 
cneKTpanbHoro npeo6pa30BaHM^ m qtiMnbTpauMM 
8 c nonocoM nponycKaHMa 85-95 kH^, 
ycTaHOBneHHbiM TaKMM o6pa30M, hto ero bxoa 
aneKTpMHecKM conp^>KeH c BbixoAOM 
aKycTMHecKoro npMeMHMKa 5, a BbixoA 
sneKTpMHecKM conpnxeH co bxoaom nMKOBoro 
AeTeKTopa 6. 

l~lo n.6 qbopMynbi M3o6peTeHMfl ycTpoMCTBO 
AononHMTenbHO coAep>KMT (cm. qbMr.5) 6noK 
M3MepeHMfl BpeMeHHbix MHTepBanoB 9 m 
cjDOToperMCTpaTop 10, npMHeM bxoa 
cjDOToperMCTpaTopa onTMHecKM conps>KeH c 
BbixoAOM na3epa 1 , a BbixoA aneKTpMHecKM 
conpn>KeH c oahmm M3 bxoaob 6noKa M3MepeHMfl 
BpeMeHHbix MHTepBanoB, BTopoM bxoa KOToporo 
sneKTpMHecKM conpa>KeH c BbixoAOM 
aKycTMHecKoro npMeMHMKa 5, a BbixoA 
aneKTpMHecKM conpfl>KeH co bxoaom ycTpoMCTBa 

MHAMKai4MM 7. 

npMMep KOHKpeTHOM peanMsai^MM 
3aiRBnyieMoro ycTpoMCTBa coctomt b 
cneAyHDU^eM. 

B KanecTBe MCTOHHMKa M3nyneHMfi Bbi6paH 
MMnynbCHbiM na3ep 1 Ha MCrriCr^r. CpeACTBO 
AOCTaBKM M3nyneHMfl ot na3epa k 3y6y 2 
BbinonHeHO b BMAe onTMHecKM conpfl>KeHHbix 
OTpe3Ka cancjDMpoBoro BonoKHa 3 m HaKOHeHHMKa 

4, coAep>KaLnero apoKycMpyioLnyio CMCTeMy c 
q^oKycHbiM paccTO^HMeM 25 mm, npwneM 
onTMHecKMM bxoa cpeACTBa AOCTaBKM M3nyneHM?i 
onTMHecKM conps>KeH c bnxoaom na3epa. Ha 
paccToaHMM 45 mm ot 3aAHero aboKyca 
pacnonoxeHHOM b HaKOHeHHMKe aboKycMpyioLneM 
CMCTeMbi pacnono>KeH mmkpoc|doh 5 MapKM 
B &K4138, ycTaHOBneHHbiM TaKMM o6pa30M s hto 
HanpaBneHMe ero MaKCMManbHOM 
nyBCTBMTenbHOCTM cocTaBnaeT c HanpaBneHMeM 
onTMHecKOM ocm Ha BbixoAe cpeACTBa AOCTaBKM 
M3nyneHMfi ot na3epa k 3y6y yron 28°. BbixoA 
MMKpoqboHa oneKTpMHecKM conpaxeH nepes 
M3MepMTenb nMKOBOM aMnnMTyAbi 
aneKTpMHecKMX MMnynbcoB (nMKOBbiM A©"reKTop) 
6 c MHAMKaTopoM 7, b KanecTBe KOToporo 
Bbi6paH i^McjDpoBOM BonbTMeTp. flononHMTenbHO 
ycTpoMCTBO coAep>KMT 6noK cneKTpanbHoro 
npeo6pa30BaHMfl m cj3MnbTpai_|MM aneKTpMHecKMX 
MMnynbcoB 8, Mcnonb3yioLL^MM 6bicTpoe 
npeo6pa30BaHMe Oypbe m peanM30BaHHbiM Ha 
6a3e npoi4eccopa INTEL 386, ycTaHOBneHHbiM 
TaKMM o6pa30M, hto ero bxoa sneKTpMHecKM 
conps>KeH c BbixoAOM aKycTMHecKoro npMeMHMKa 

5, a bnxoa sneKTpMHecKM conpaweH co bxoaom 
nMKOBoro AeTeKTopa 6. TanoKe ycTpoMCTBO 
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flonoriHUTeribHO coflep>KMT 4>OToperncTpaTop 10 
Ha 6a3e qboTOflwofla <t>fl34, onTunecKn 
conpflweHHbiM c BbixoflOM na3epa 1 m 
aneKTpuMecKM conpaweHHbiw c oahwm M3 BXOflOB 
M3MepnTen?i BpeMeHHbix MHTepBanoB 9 Ha 6a3e 
141/icppoBoro oci^nnjiorpacpa C9-16. BTopofi bxoa 
M3MepMTerifl BpeMeHHbix MHTepBanoB 
aneKTpuHecKM conpn>KeH c BbixoAOM 
aKycTHHecKoro npneMHMKa 5. Ha Bbixofle 
M3MepnTena BpeMeHHbix HHTepBanoB 3aflep>KKa 
Me>KAy HanarioM na3epHoro MMnynbca, 
perncTpupyeivioro cjDOToperncTpaTopoM, \a 
HananoM aKycTunecKoro HMnynbca, 

perncTpupyeivioro aKycTunecKUM npneiviHUKOM, 
npeo6pa3yeTCfi b aneKTpuHecKMM curHan, 
aMnnMTyAa KOToporo nponopi^noHanbHa 

BeJIMHMHe BpeMeHHOfi 33Aep>KKM. BblXOA 

M3MepnTerifl BpeMeHHbix HHTepBanoB 
sneKTpMHecKM conpaweH c MHflMKaTopoM 7. 

TaKMM 06pa30M, Ha OCHOBaHMH 

BbiujeM3no>KeHHoro 3aflBrmeiviafl coBOKynHOCTb 
npn3HaKOB b cnocooe n ycTpowcTBe no3BonfleT 
pemnTb 3aAany, a HMeHHO CHH3MTb onacHOCTb 
HaHeceHMfl TpaBMbi nau.neHTy npw na3epHOM 
o6pa6oTKe TBepAbix TKaHefi 3yoa npn neneHHM 
Kapneca h npoTe3npoBaHMM. 

(Dopwiyna M3o6peTeHM5i: 

1 . Cnoco6 o6pa6oTKH TBepAbix TKaHefi 3y6a 
na3epHbiM M3nyHeHkieM, BKJifOHaioLAi/M 
BO3AeM0TBne Ha tiohh 3y6a na3epHbiM 

MMnyJlbCOM, OTJIMHaHDLHHMCfl TeM, HTO 

perncTpupyioT axycTHHecKUM i/iMnynbc, 

BOSHUKaKJLL^MW npi/l BSaHMOAeMCTBMH nsnyMeHMA 

c TKaHbHD, no nuKOBOM aMnnwTyAe KOToporo 
onpeflennKDT Tun o6pa6aTbiBaeMofi TKaHM. 

2. Cnoco6 no n.1, OTJiMHaioiuMMCjq TeM, hto 
aKycTn^ecKUM HMnynbc perncTpupyioT b 
Anana30He 3ByKOBbix nacTOT 85 95 kTu,. 

3. Cnoco6 no n. 1 , OTJiMHaioLAi/iMCfl TeM, hto 
OAHOBpeMeHHO c perncTpau.neM aKycTMHecKoro 
MMnynbca H3Mep?iioT BpeMeHHyio 3aAep>KKy 
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Me>Kfly na3epHbiM v\ aKycTMHecKMM MMnynbcaMU, 

no BeJIMHUHe KOTOpOM yTOHHflfOT Tun 
o6pa6aTbiBaeMOM TKaHM. 

4. YcTpoPiCTBO Ana o6pa6oTKH TBepAbix 
TKaHeM 3y6a na3epHbiM M3nyHeHneM, cocroflLnee 
\as nocTieAOBaTeTibHO pacnonoweHHbix BAorib 
onTunecKoPi ocu WMnyribCHoro na3epa m 
cpeACTBa AOCTaBKM n3JiyHeHna ot na3epa k 
3y6y, bxoa KOToporo onTMHecKH conpaweH c 
BbixoAOM Jia3epa, OTJiHHaioLneecfl TeM, hto 
ycTpoMCTBO coflep>KMT aKycTHHecKUM npneMHMK n 
M3MepnTerib nuKOBOM aMnnnTyAbi 
aneKTpuHecKMX HMnyribcoB, bxoa KOToporo 
aneKTpuHecKH conp^eH c BbixoAOM 
aKycTunecKoro npneMHMKa, a buxoa 
aneKTpuHecKM conpfl>t<eH c bxoaom ycTpoMCTBa 
HHAHKau.nn, npuneM aKycTunecKUM npneMHUK 
ycTaHOBJieH TaK, hto HanpaBneHne ero 

MaKCMMaJIbHOM HyBCTHBTeJIbHOCTM cocTaBrmeT c 

HanpaBfieHneM onTunecKOM oci/i Ha BbixoAe 
cpeACTBa AOCTaBKH H3nyHeHHfl ot na3epa k 3y6y 
yron ot, yAOBneTBopqioLAHH ycnoBUfo 
11 0 < a < 86° 

5. YcTpoMCTBO no n.4, OTJiMHaroLneecfl TeM, 
hto bxoa n3MepnTenfl nuKOBOM aMnriMTyAbi 
sneKTpuHecKi/ix MMnynbcoB srieKTpMHecKM 
conpa^eH c BbixoAOM axycTMHecKoro npneMHUKa 
nepe3 6jiok cneicrpanbHoro npeo6pa30BaHM?i m 
clDnnbTpai^MM c nonocoM nponycKaHM^ 85 95 Kri^. 

6. YcTpoMCTBO no n.4, OTfiMHaHDLneecfl TeM, 
HTO OHO AononHHTeribHO COAep>KklT 
qtoToperncTpaTop n 6jiok n3MepeHnn 
BpeMeHHbix MHTepBanoB, npuneM bxoa 
cj^oToperncTpaTopa onTMHecKH conpfi>KeH c 
BbixoAOM na3epa, a BbixoA aneKTpuHecKM 
conpa>KeH c oahmm M3 bxoaob 6noKa M3MepeHH3 
BpeMeHHbix MHTepBanoB, btopom bxoa KOToporo 
sneKTpuHecKM conp^>KeH c BbixoAOM 
aKycTunecKoro npneMHMKa, a buxoa 
sneKTpuHecKM conp?i>KeH c bxoaom ycTpoMCTBa 

HHAHKai^MM. 
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(57) PeqbepaT: 

M3o6peTeHne othocmtca k Meflni^nHCKOM 

TeXHMKe H MOKBT 6blTb MCnOJlb30BaHO B 

CTOMaTonoruM npn JieneHnn Kapweca n 

npOTe3MpOBaHMM 3y60B. OCHOBHbIM 

H eflOCT a T KO M M3BeCTHblX cnococoB o6pa6oTKH 
TBepflbix TKaHeM 3y6a na3epHbiM H3nyHeHneM v\ 
ycTpowcTB, peann3yfOLHnx gt\a cnoco6bi ; 
ABrmeTcs BbicoKa^ onacHOCTb HaHeceHna 
na3epHOM TpaBMbi nai^eHTy. 3aAaHeti, Ha 
peiueHne kotopom HanpaBJieHO 3aflBrmeivioe 
M3o6peTeHne 3 flBJifleTca chm>kghmg onacHocn/i 
HaHeceHMfl nai^neHTy na3epHOM TpaBMbi 3a cneT 
oGecneHeHMfl bo3mo>khocth onpefleneHMfl Tuna 
o6pa6aTbiBaeMOM TKaHH. Yi<a3aHHafl 3aflana 
flocTuraeTcyi tsm, mto b cnocooe o6pa6oTKi/i 
TBepflbix TKaHeM 3y6a JiasepHbiM HsnyneHweM, 
BKfifOHaHDLU.eivi B03flewcTBne Ha TKaHM 3y6a 
na3epHoro rnvmynbca, perncTpupyfOT 

MHTeHCMBHOCTb HMnyJlbCa CBeTOBOrO M3JiyHeHHfl 

npoflyKTOB o6pa6oTKM TKaHM, no nuKOBOMy 
3HaneHMKD KOToporo onpeAeriflfOT Tun 
o6pa6aTbiBaeMow TKaHH. YKa3aHHan 3a,qaHa 
TaioKe flocTuraeTCfl TeM, hto ycTpowcTBO Arm 
o6pa©OTKM TBepflbix TKaHeM 3y6a Jia3epHbiM 
M3nyHeHneM, cocToamee M3 nocneflOBaTeribHO 
pacnono>KeHHbix Bflorib onTHHecKofi ocu 
MMnyiibCHoro na3epa, a TaioKe cpe act Ba 
AOCTaBKM m cf)OKycnpoBKM na3epHoro n3JiyHeHnn 3 
coAep>KHT cpOTonpneMHUK, bxoa KOToporo 
onTHHecKM conpfl>KeH c qboKanbHofi nnocKOCTbfo 
cf)OKycnpyK)Lneki cucTewibi, m M3MepnTenb 
aivinjiMTyAbi aneKTpn^ecKnx HMnyjibcoB, bxoa 

KOTOporO 3JieKTpHHeCKM COnpfl>KeH C BblXOAOM 

cjDOTonpneMHMKa, a BbixoA sneKTpMHecKM 
conp?i>KeH co bxoaom ycTpoMCTBa MHAMKaunn, 
npuneM cjDOTonpnoMHMK ycTaHOBJieH TaKi/iM 
o6pa30M, hto HanpaBJieHne ero MaKCMManbHOM 
HyBCTBHTenbHOCTM cocTaBJifieT c HanpaBneHneM 
onTunecKOM ocu Ha BbixoAe q^oKycHpyfOLneki 



ckicTeivibi yma anbqtia, yAOBneTBopflraLi^nM 
ycnoBnto a >arct(D/2f), rAe D - CBeTOBOM 
AnaMeTp BblXOAHOrO OKHa cjDOKycupyHDLABM 
cucTeMbi, a f - ee cjDOKycHoe paccTO^Hne. 2 c. 
h 4 3.n.qb., 5 nn. 
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(54) METHOD OF TREATMENT OF TOOTH HARD TISSUES BY LASER RADIATION AND DEVICE FOR ITS 
REALIZATION 

(57) Abstract: 

FIELD: medical equipment, applicable in 
stomatology at treatment of caries and 
dental prosthetics. SUBSTANCE: the method 
consists in action of laser pulse on the 
tooth tissue, pulse intensity of light 
radiation of tissue treatment products is 
detected, and the type of tissue to be 
treated is determined according to the pulse 
peak amplitude. The device uses a pulsed 
laser and means for delivery and focusing of 
laser radiation arranged in succession in 
the optical axis, photodetector whose, input 
is optically integrated with the focusing 
system focal plane, and an electric pulse 
amplitude meter, whose input is electrically 
coupled to the photodetector output, and the 
output is electrically coupled to the 
display unit input; the photodetector is 
installed in such a manner that the 
direction of its maximum sensitivity makes 
up angle alfa with the direction of the 
optical axis at the output of the focusing 
system; this angle satisfies condition 
alfa >arctg(D/2f), where D - clear aperture 
of the focusing system output window, and 
f-its focal length. EFFECT: reduced danger 
of laser injury to patient. 6 cl, 5 dwg 
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M3o6peTeHne othocmtch k mbahljui-ickqm 

T8XHMKB M MO>KBT 6blTb MCnOJlb30BaHO B 

CTOMSiTonornn. 

H3BecTeH cnocoo" yflaneHM* HananbHbix 
Kapno3Hbix noBpe^eHMM m/mjih KaMHefi 3y6a 
(naTeHT USA 4521194, A 61 C 05/00, npi/iopnTeT 
22.12.83) 3 BKnHDMaKDLUMM o6pa6"oTKy TBepflbix 
TKaHeM 3y6a MMnyribCHbiM na3epHbiM 

M3JiyHBHHBM. OCHOBHbIM HeflOCTaTKOM flaHHOIX) 

cnoco6a ABrmeTCfl BbicoKaa onacHOCTb 
HaHeceH^fl na3epHOM TpaBMbi npn o6pa6oTKe 
TBepflbix TKaHeM 3y6a. 

Han^oriee 6jim3kmm no TexHunecKofi 
cyu^HOCTH n npuHfiTbiM 3a npoTomn HBJifleTCfl 
cnocoo" neneHMfl Heocno>KHeHHoro Kapneca 
(a.c.CCCP N 1593669, A 61 C 5/00, npnopnTeT 
14.11.85, onyori. 23.09.90 Bl/I N 35), 
BKnfo«-iaK)LHMM o6pa6oTKy TBepflbix TKaHeM 3yoa 
na3epHbiM M3nyMeHneM c ahuhom bohhn 2,94 
mkm, flnnTeribHOCTbfo MMnynbcoB 100 500 mkc 5 

MOLflHOCTbfO 0,5 1,0 fl)K/HMn, nriOTHOCTbK) 
MOLflHOCTM 2«10 4 ±3»10 BT/CM2, HaCTOTOM 1 Tl^, 
3KCn03HI4MeM 3-30 C. OCHOBHbIM HeflOCTaTKOM 

npoTOTuna ABrmeTCfl onacHOCTb HaHeceHna 
na3epHOM TpaBMbi npn o6pa6oTKe TKaHeM 3y6a, 
CB^3aHHaa c OTcyTCTBMeM b npoTOTwne 
npoi^eflypbi onpefleneHMH TMna 
o6pa6aTbiBaeMOM TKaHU . 

M3BecTHO ycTpoMCTBO aha o6pa6oTKH 
TBepflbix TKaHePi 3y6a na3epHbiM M3nyneHMeM 
(naTeHT WO 89/08432, A 61 C 5/00, npMopnTeT 
10.03.89), BKJiiOHaiOLnee nocneflOBaTeribHO 
pacnono>KeHHbie Bflonb onTunecKOM ocm 
MMnyribCHbiM na3ep m cpeflCTBO aoct3bkm 
M3nyHeHM3 k 3y6y b BMfle onTMHecKoro BonoKHa. 

OCHOBHbIM HeflOCTaTKOM flaHHoro yCTpOMCTBa 

ABrmeTCfl BbicoKaa onacHOCTb HaHeceHMfl 
na3epHOM TpaBMbi npM o6pa6oTKe TBepflbix 
TKaHeM 3y6a. 

HaM6oriee 6jim3kmm no Tex h m h ecKO v\ 
cyu^HOCTM m npMHATbiM 3a npoTOTMn nBnnejcn 
ycTpoMCTBO flna o6pa6oTKM TBepflbix TKaHeM 
3y6a na3epHbiM M3JiyHeHneM (naTeHT WO 
90/01907, A 61 C 5/00, npwopMTeT 25.08.89), 
coflep>KaLi4ee nocneflOBaTeribHO 
pacnono>KeHHbie Bflonb onTunecKOM ocm 
MMnyribCHbiM Jia3ep, a TaioKe cpeflCTBO flocTaBKM 
m cjDOKycMpoBKM na3epHoro M3nyneHM5R, 
BKfihOHaHDLnee OTpe30K onTMHecKoro BonoKHa, 

BXOfl KOTOporO OnTMHeCKM COnpa>KeH C BblXOflOM 

na3epa, m cjDOKycMpyio Libera CMCTeMy, BXOfl 
KOTopoM onTunecKM conpaxeH c BbixoflOM 
onTMHecKoro BonoKHa, a Bbixofl ABrmeTCfl 

BblXOflOM yCTpOMCTBa. OCHOBHbIM HeflOCTaTKOM 

npoTOTMna flBrmeTca onacHOCTb HaHeceHMfl 
na3epHOM TpaBMbi npM o6pa6oTKe TKaHeM 3y6a, 

CB?13aHHa?1 C OTCyTCTBMeM B npOTOTMne CMCTeMbl 

onpefleneHna Tuna o6pa6aTbiBaeMOM TKaHH. 

3aflaneM, Ha peiueHMe kotopom HanpaBJieHO 
3aflBfifleMoe M3o6peTeHMe, fiBrmeTCfl CHM>KeHMe 
onacHOCTM HaHeceHMfi nai^MeHTy Jia3epHOM 
TpaBMbi 3a cneT oGecneneHMfl bo3mo>khoctm 
onpefleneHMfi Tuna o6pa6aTbiBaeMOM tk3hm. 

YKa3aHHafl 3aflana flocTMraeTCfl TeM, hto b 
cnocoGe o6pa6oTKH TBepflbix TKaHeM 3yoa 
na3epHbiM M3nyHeHMeM, BKntonaioLneM 
B03fleMCTBMe Ha TKaHM 3y6a na3epHoro 
MMnynbca, perncTpMpyioT MHTeHCMBHOCTb 
MMnyribca CBeTOBoro M3nyneHM?i npoflyKTOB 
o6pa6oTKM TKaHM, no nMKOBOMy 3HaneHMto 
kotopom onpeflenaioT TMn o6pa6aTbiBaeMOM 
TKaHM. flrm noBbiiueHMn flocTOBepHOCTM 
onpefleneHMfl TMna o6pa6aTbiBaeMOM TKaHM 
MHTeHCMBHOCTb yKa3aHHoro CBeTOBoro 
M3nyHeHMfl perMCTpMpyioT b cneKTpanbHOM 
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AMana30He 350 500 hm. C tom >Ke Ljenbio 
oflHOBpeMeHHO c perncTpai4MeC?i mhtbhcmbhoctm 
MMnynbca CBeTOBoro M3nyneHMfl M3MepaioT 
BpeMeHHyKD 3aflep>KKy Me>Kfly na3epHbiM m 
CBeTOBbiM MMnyribcaMM, no BenMMMHe kotopom 
yTO^HflioT Tun o6pa6aTbiBaeMOM TKaHM. 

YKa3aHHafl 3aflana TaioKe flocTMraeTca TeM, 
hto ycTpoMCTBO flnfl o6pa6oTKM TBepflbix TKaHeM 
3yoa na3epHbiM M3nyHeHMeM, cocTOflmee M3 
nocjieflOBaTejibHO pacnono>KeHHbix Bflonb 
onTMHecKOM ocm MMnynbCHoro ra3epa, a TaioKe 
cpeflCTBa flocTaBKM m cjDOKycMpoBKM na3epHoro 

M3JiyHeHM51, COflep>KMT CjDOTOnpMeMHMK, BXOfl 

KOToporo onTunecKM conp^>KeH c cjDOKanbHOM 
nnocKOCTbto cjDOKycMpyioLneM CMCTeMbl, m 
M3MepMTerib aMnriMTyflbi aneKTpMHecKMX 
MMnynbcoB, BXOfl KOToporo SJieKTpMHeCKM 
conpaxeH c BbixoflOM cjDOTonpMeMHMKa, a Bbixofl 
aneKTpMHecKM conpa>KeH co bxoaom ycTpoMCTBa 
MHflMKauMM, npMHeM qboTonpMeMHMK ycTaHOBJieH 
TaKMM o6pa30M, hto HanpaBJieHMe ero 

MaKCMMaJIbHOM HyBCTBMTeJIbHOCTM COCTaBJIiqeT c 

HanpaBneHMeM onTMHecKOM ocm Ha Bbixofle 
cjDOKycMpyioLneM CMCTeMbl yron anbcpa, 
yflOBneTBopaioLUMM ycnoBMio a > arctg(D/2f), 
rfle D CBeTOBOM flMaMeTp BbixoflHoro oma 
cjDOKycMpyioLL\eM CMCTeMbl, a f ee qboKycHoe 

paCCTOflHMe. fljlfl nOBblLLieHMfl flOCT OBepHOCTM 

onpefleneHMfl TMna o6pa6aTbiBaeMOM TKaHM 
BXOfl cjDOTonpMeMHMKa onTMHecKM conpa>KeH c 
cjDOKanbHOM nnocKOCTbto qboKycMpyKJifleM 
CMCTeMbl nepe3 cneKTparibHbiM cjDMJibTp c 
nonocoM nponycKaHM?! 350 500 hm. C tom >Ke 
HenbK) ycTpoMCTBO flonoriHMTeTibHO coflep>KMT 
cf30ToperMCTpaTop m Sjiok M3MepeHMn 
BpeMeHHbix MHTerpanoB, npMHeM bxoa 
cjDOToperMCTpaTopa onTMHecKM conpa>KeH c 
BbixoflOM na3epa, a Bbixofl aneKTpMHecKM 
conp^>KeH co oahmm M3 bxoaob 6noKa 
M3MepeHMfl BpeMeHHbix MHTepBanoB, btopom 
BXOfl KOToporo sneKTpMHecKM conp?i>KeH c 

BblXOflOM CjDOTonpMeMHMKa, a BblXOfl 

aneKTpMHecKM conp?i>KeH co bxoaom ycTpoMCTBa 

MHflMKai^MM. 

Ha qbMr. 1 npeACTaBJieHbi: (a) MMnyxibc 
CBeTOBoro M3nyHeHMfl npoAyKTOB o6pa6oTKM, 
B03HMKaiOL4MM npn na3epHOM pa3pyujeHMM 
AeHTMHa, (6) MMnyxibc CBeTOBoro M3nyHeHMfl 
npoAyKTOB o6pa6oTKM, B03HMKaf0U4eM npM 
na3epHOM pa3pyiueHMM 3ManM, (b) 

CneKTpaJIbHafl 3aBMCMMOCTb OTHOLJJeHMfl 

MMnynbcoB CBeTOBoro M3JiyHeHM^ npoAyKTOB 

06pa60TKM, B03HMKaK3LHMX npM na3epHOM 
pa3pyi_LieHMM AeHTMHa m 3Marm; Ha 4)Mr.2 

BpeMeHHbie A^arpaMMbi: (a) mhtbhcmbhoctm 
na3epHoro MMnynbca, (6) nnoTHOCTM GHeprMM 
na3epHoro M3nyHeHMfl, naAaioiflero Ha 
o6pa6aTbiBaeMyio noBepxHOCTb, a TaioKe 
MHTeHCMBHOCTM MMnynbcoB CBeTOBoro 

M3fiyHeHM5q npOAyKTOB 06pa60TKM, B03HMKaKDLL\MX 

npM paspymeHMM AeHTMHa (b) m 3MariM (r); Ha 
cJdmt. 3 cxeMa ycTpoMCTBa no n. 4 cpopMynbi 
M3o6peTeHMfi flnn peariMsai^MM cnoco6a no n.1 
c|3opMynbi; Ha QbMr. 4 cxeMa ycTpoMCTBa no n 5 
cjDopMyjibi M3o6"peTeHMfl flna peariMsai^MM 
cnocoSa no n.2 cjDopMyjibi; Ha qbMr. 5 cxeMa 
ycTpoMCTBa no n. 5 qbopMyribi M3o6peTeHMfl flna 
peanM3ai4MM cnoco6a no n. 3 4)opMynbi. 

KaK M3BecTHO, k TBepAbiM TKaHeM 3y6a 

OTHOCMTCfl GMaJIb M A©HTMH. floporM 

pa3pyujeHMfl 3tmx TKaHeM na3epHbiM 
M3nyHeHMeM pa3fiMHaioTC?i b HecKoribKO pa3, 
npMHeM nopor paspyiueHMfi fleHTMHa HM>Ke, neM 
nopor pa3pyujeHMn 3MariM. llpM o6pa6oTKe 
TBepflbix TKaHeM 3y6a na3epHbiM M3nyneHMeM Ha 
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o6pa6aTbiBaeMOM noBepxHOCTM b bhammom 
flnana30He cneKTpa B03HHKaBT CBeneHne 
npoflyKTOB o6pa6oTKM b BMfle 3po3HOHHoro 
cjDaKena, hto p,enaer HeB03MO>KHbiM BH3yanbHbM 
KOHTponb coctoahma ooriynaeMOM nOBepXHOCTM 
TKaHU \a onpefleneHne ee TMna. flpyrnivin 
cnoBaMM, Bpan He b coctoahmm onpeAeriMTb 
B03AeMCTByeT na3epHoe M3JiyHeHMe Ha siviajib 
nnn fleHTMH HenocpeACTBeHHO b npou,ecce 
o6pa6oTKM. ripn 3tom npoi^eAypa na3epHOM 
o6pa6oTKM TBepflbix TKaHeM 3y6a conpfl>KeHa c 
onacHOCTbfo HaHeceHMfl ria3epHOM TpaBMbi 
AeHTMHa mjih nyribnbi b tom cnynae, ecnn 
MMnyribCHoe n3JiyHeHne na3epa c SHepn/ieM 
npeBbiLuaeT nopor pa3pyi_ueHi/iq SManw nonaflaeT 

Ha fleHTMH. OCHOBHbIM qbaKTOpOM pHCK3 

?mrmeTCfl KOHTy3na TKaHeM MMnynbcoM OTflaHM, 
B03HHKatoLi^MM npM 3HaHHTejibHOM npeBbiiueHWM 
3Heprnn Jia3epHoro M3nyHeHMH, naflaHDL^ero Ha 
o6pa6aTbiBaeMyjo TKaHb, Hafl 3HaHeHneM nopora 
pa3pyLueHMq. npoBeAeHHbie aBTopaMM 
SKcnepMMeHTanbHbie nccneAOBaHU^ pe>KHM0B 
o6pa6oTKM TBepAbix TKaHeM 3y6a na3epHbiM 
M3nyMeHneM (G.B.AItshuler, A.V.Belikov, 
A.V.Erofeev "The damage of hard tooth 
tissues with lazer pulses of different 
duration", Proceedang 4th Integnationa 
Conference on Laser Application in Life 
Science, 1992, p. 114) no3BonnriM Bbi^BMTb 
npneMfieMbM c tohkm speHMfl 6e3onacHOCTM 
npou,eAypbi na3epH0M o6pa6oTKM 3y6a 
AMana30H 3HaneHMM nnoTHOCTM SHeprMH 
na3epHoro M3nyHeHME . fln^ siviann AonycTMMbiM 
ABrmeTca Aec^TMKpaTHoe npeBbiLueHne 
nnoTHOCTM SHepruM na3epHoro M3nyHeHMfl HaA 
noporoBbiM paspyiueHneM. flrm A^eHTMHa 
6e3onacHbii?i Anana30H npMMepHO BABoe y>Ke 
(T.e. AonycTHMO rmiub n^TMKpaTHoe 
npeBbiLueHne nnoTHOCTM 3Heprnn na3epHoro 
M3nyHeHHfl HaA noporoM), hto o6'5RCHfleTCH 
HenocpeACTBeHHoCi 6jiM30CTbfo A^HTMHa k 
nyribne. 

flrm yMeHbLueHMfi onacHOCTM HaHeceHMH 
TpaBMbi nai4MeHTy npn o6pa6oTKe TBepAbix 
TKaHew 3y6a na3epHbiM M3nyneHMeM aBTopbi 
npeAnaraHDT MAeHTMcf)Mu 1 MpoBaTb Tun 
o6pa6aTbiBaeMOM TKaHM (3Manb, ashtmh) no 
xapaKTepMCTMKaM MMnyjibcoB CBeTOBoro 

M3JiyHeHMfl npOAyKTOB 06pa60TKM TK3HM. 

ABTopaMM SKcnepMMeHTanbHO noKa3aHO, hto 

nMKOBa^ (MaKCMMaribHaq) MHTeHCMBHOCTb 

MMnynbca CBeTOBoro M3nyHeHMfl npoAyKTOB 
o6pa6oTKM, B03HMKafOLnero npM pa3pyujeHMM 
AeHTMHa (qbMr. 1a), cymecTBeHHO (b HecKonbKO 

pa3) OTJIMHaeTCfl OT nMKOBOM MHTeHCMBHOCTM 

MMnynbca CBeTOBoro M3nyneHMfl npoAyKTOB 
o6pa6oTKM, B03HMKafOLnero npM pa3pyiueHMM 
3ManM (qbMr. 16). TaKMM o6pa30M, BBeAeHMe b 
cnoco6 o6pa6oTKM TKaHeM 3y6a onepauwM 
perMCTpai4MM MHTeHCMBHOCTM MMnynbca 
CBeTOBoro M3nyHeHMa npoAyKTOB o6pa6oTKM, no 

nMKOBOMy 3HaHeHMK3 KOTOpOM MO>KHO 

onpeAeriMTb TMn oGpaoaTbiBaeMOM TKaHM , Raer 

B03MO>KHOCTb CHl-DKaTb B CJiyHae Heo6XOAMMOCTM 

SHeprMio M3nyHeHMfl, He AonycKaa HaHeceHM* 
na3epHOM TpaBMbi nau^eHTy. 

ABTopaMM SKcnepuMeHTanbHO noKa3aHO 
TaioKe, hto HaM6onee cymecTBeHHoe pa3fiMHne 
nMKOBblX MHTeHCMBHOCTeM MMnyjibcoB CBeTOBoro 
M3JiyHeHMfl npOAyKTOB 06pa60TKM, B03HMKafOLAMX 

npM pa3pyujeHMM SManM m A^HTMHa, 
Ha6n KOAaeTcq b cneKTparibHOM A^anasoHe 350 
500 hm. Ha cjDMr. 1b M3o6pa>KeH rpaqbMK 

OTHOLlieHM?! CneKTpOB CBeTOBOrO M3JiyHeHM?1 
npoAyKTOB o6pa6oTKM A^HTMHa M 3MaJ1M. M3 
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nepTe>Ka bmaho, hto 3HaneHMe OTHOLueHna 
MaKCMMaribHO MMeHHO b cneKTparibHOM 
AMana30He 350 500 hm, TaKMM oSpasoM, 
cneKTpanbHafl ceneKi^M^ CBeTOBoro M3nyHeHM^ 

npOAyKTOB 06pa60TKM A aeT B03MO>KHOCTb 

noBbiCMTb AOCTOBepHOCTb onpeAeneHMfl TMna 
o6pa6aTbiBaeMoi?i TKaHU. 

npM BOSAeMCTBMM Ha TK3HM 3y6a 

MMnynbCHoro Jia3epHoro M3JiyHeHMfl, SHeprM^ 
KOToporo npeBbiLuaeT Heo6xoAMMoe Ana mx 
pa3pyujeHMfl 3HaneHMe, Ha6nK0AaeTCfi 
BpeMeHHa^ 3aAep>KKa Me>KAy HananoM 
B03AeMCTBM5q na3epHoro MMnynbca m 
no^BJieHMeM MMnynbca CBeTOBoro M3nyHeHM^ 
npoAyKTOB o6pa6oTKM, CBMAeTenbCTBytOLL^ero o 
Hanane pa3pyujeHMfl TKaHM. BeriMHMHa stom 
3aAep>KKM onpeAenseTCfl AByMa qbaKTopaMM: 

MHTeHCMBHOCTbfO Jia3epHOrO M3JiyHeHMfl Ha 

noBepxHOCTM o6pa6aTbiBaeMOM TKaHM m 
BeriMHMHOM nopora ee pa3pyiueHMfi (T.e. TunoM 
o6pa6aTbiBaeMOM TKaHM). Ha c£Mr. 2 
npeACTaBneHbi noqcHfifOLU.Me BpeMeHHbie 
AnarpaMMbi MHTeHCMBHOCTM na3epHoro 
MMnynbca (a), nnoTHOCTM SHeprMM na3epHoro 
M3nyHeHM5q, naAatoLi^ero Ha o6paoaTbiBaeMyK3 

nOBepXHOCTb (6), MHTeHCMBHOCTM MMnyflbCOB 

CBeTOBoro M3nyHeHMfl npoAyKTOB o6pa6oTKM, 
B03HMKafoi_4nx npM pa3pyujeHMM AeHTMHa (b) m 
SMariM (r). Ha a>Mr. 26 nyHKTMpoM noKa3aHbi 
ypoBHM nnoTHOCTM SHeprMM na3epHoro 
M3nyHeHM^, cooTBeTCTByfomne noporaM 
pa3pyiueHMfl SMariM m A^HTMHa. Ha qbi/ir. 2b, r 

BMAHO, HTO MMnyJlbC CBeTOBOrO M3JiyHeHM?1 

npoAyKTOB o6pa6oTKM A^HTMHa MMeeT MeHbLuyio 
3aAep>KKy t fl OTHOCMTeribHO Hanana na3epHoro 
MMnynbca, neM MMnyribc CBeTOBoro M3nyHeHM^ 
npoAyKTOB o6pa6oTKM 3Marm Tg TaKMM o6pasoM, 
M3MepeHMe BpeMeHHbix 3aAepxeK MMnyjibcoB 
CBeTOBoro M3nyHeHMfl npoAyKTOB o6pa6oTKM 
OTHOCMTeribHO Hanana na3epHoro MMnynbca 
npeAOCTaBnaeT B03MO>KHOCTb yTOHHeHMa TMna 
o6pa6aTbiBaeMOM TKaHM. 

[HO CBeAeHMflM aBTOpOB COBOKynHOCTb 

M3no>KeHHbix b cjDopMyne M306peTeHMfl 
npM3HaKOB ^Bn^eTC^ hobom, a caMO 
TexHMHecKoe peujeHMe yAOBneTBOp^eT 
KpnTepnK: "n3o6peTaTenbCKMM ypoBeHb". 

3a?iBJifleMbiM cnoco6 no n. 1 qbopMynbi 
M3o6peTeHM?i MO>KeT 6biTb peanM30BaH, 
HanpMMep, c noMombio ycTpoMCTBa, cxeMa 
KOToporo npeACTaBneHa Ha cpMr. 3. Ha nepTexe 
noKa3aHbi nocneAOBaTeribHO pacnono>KeHHbie 
BAorib onTMHecKOM ocm ra3ep 1 , cpeACTBO 
AOCTaBKM m cjDOKycMpoBKM na3epHoro M3JiyHeHMJq 
2, bxoa KOToporo onTMHecKM conpqxeH c 
BbixoAOM na3epa, BKrifonafOLuee onTMHecKoe 
bojiokho 3 m 0OKycMpyK)LLryHD CMCTeMy 4, a 
TaioKe cjooTonpMeMHMK 5, bxoa KOToporo 
onTMHecKM conpa>KeH c cjDOKaribHOM nnocKOCTbio 
qboKycMpyfOLi^eM CMCTeMbi, ycTaHOBiieHHbiM 
TaKMM o6pa30M, hto HanpaBJieHMe ero 

MaKCMMailbHOM HyBCTBMTeilbHOCTM COCTaBflfleT c 

HanpaBfieHMeM onTMHecKOM ocm Ha BbixoAe 
c|DOKycMpyfOLAeM CMCTeMbi 
yron a yAOBneTBopfliOLUMM ycnoBMio: 
a > arctg(D/2f), rAe D- CBeTOBOM A^iaMeTp 
BbixoAHoro OKHa qboKycMpyfomeM CMCTeMbi, a f 
ee qboKycHoe paccTO^HMe, M3MepMTerib 
aMnriMTyAbi 3neKTpMHecKMX MMnyjibcoB 6, bxoa 
KOToporo sneKTpMHecKM conp^>KeH c BbixoAOM 
cjDOTonpMeMHMKa, a BbixoA sneKTpMHecKM 
conpq>KeH co bxoaom ycTpoMCTBa mhah Kau,MM 7. 
3aflBJ~meMbiM cnoco6 no n. 2 cjoopMynbi 
MSoGpeTeHMfl MO>KeT 6biTb peariM30BaH, 
HanpMMep, c noMombio ycTpoMCTBa , cxeMa 
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KOToporo npeflCTaBneHa Ha 4>nr. 4. Ha nepTewe 
noKa3aHbi na3ep 1 , cpeACTBO flocTaBKH 
na3epHoro M3nyneHMfl ot na3epa k 3y6y 2, bxoa 
KOToporo onTHMecKH conp*>KeH c bnxoaom 
na3epa, BKmonaioLnee onTMHecKoe BonoKHa 3 n 
cf)OKycnpyK)Lnyho cucTewiy 4, cfioTonpneMHMK 5, 
ycTaHOBneHHbiM TaKMM o6pa30M, hto 
HanpaBneHne ero MaKCMManbHOM 

HyBCTBHTexibHOCTM cocTaBnseT c HanpaBiieHneM 
omnHecKOM ocu Ha Bbixofle cjDOKycupyfOLi^ew 
cucTeMbi yron a yAOBneTBopfltomj/iM 
ycnoBUho: a > arctg(D/2f), rAe D CBeTOBofi 
AnaivieTp BbixoAHoro OKHa cf>OKycMpyioLJ4eM 
cucTeMbi, a fee cjDOKycHoe paccTOHHMe, a bxoa 
onTHHecKM conpa>KeH c cjDOKanbHOM nnocKOCTbK) 
0OKycnpyK)LnePi CMCTeMbi nepe3 cneKTparibHbix 
cjDnribTp 8 c nonocoM nponycKaHna 350 500 hm, 
M3MepnTerib aMnnnTyAbi 3JieKTpnHecKnx 
MMnyribcoB 6, BbixoA KOToporo aneKTpuHecKH 
conpaweH c BbixoAOM cjDOTonpneMHUKa, a BbixoA 
aneKTpuHecKM conpaxeH co bxoaom ycrpoMCTBa 
MHAMKai^nn 7. 3aflBnfleMbiM cnocoo" no n.3 

CjDOpMyJIbl H306peTeHMiq MO>KeT 0"blTb 

peann30BaH, HanpMMep, c noMOLii,bK) 
ycTpoticTBa, cxeMa KOToporo npeACTaBneHa Ha 
cjDnr. 5. Ha qepTewe noKa3aHbi na3ep 1 , 
cpeACTBO AOCTaBKM na3epHoro M3nyneHMfl ot 
na3epa k 3yoy 2, bxoa KOToporo onTunecKH 
conpaweH c BbixoAOM na3epa, BicnfOHafomee 
onTMHecKoe bojiokho 3 n cjDOKycupyfOLnyHD 
cucTeiwy 4, cjDOTonpneMHUK 5, ycTaHOBneHHbiM 
TaKMM o6pa30M, hto HanpaBneHMe ero 
MaKCMManbHow nyBCTBMTenbHOCTM cocTaBnaeT c 
HanpaBneHneM onTM^ecKOM ocu Ha BbixoAe 
cfcoKycupykDLneti cucTeMbi yron a 
yAOBJieTBopflfOLUMM ycnoBMio: a > arctg(D/2f), 
rAe D CBeTOBoCi A^aMeTp BbixoAHoro OKHa 
a>OKycnpyK)LnePi CMCTeMbi, a f ee cfcoKycHoe 
paccTOAHne, H3MepnTenb aMnnnTyAbi 
oneKTpuHecKnx MMnynbcoB 6, bxoa KOToporo 

3JieKTpMHeCKM COnpflKeH C BblXOAOM 

cjooTonpneMHUKa, a BbixoA aneKipunecKH 
conpa>KeH co bxoaom ycTpoficTBa HHAHKai^nn 7, 
a TaioKe onoK M3MepeHHfi BpeMeHHbix 
MHTepBanoB 9 m cjDOToperncTpaTop 10, npn^eiui 
bxoa cf)OToperncTpaTopa onTMHecKH conpn>KeH c 
BbixoAOM ria3epa 3 a BbixoA oneKTpuHecKH 
conpa>KeH co oahmm H3 bxoaob onoKa 
M3MepeHHfi BpeivieHHbix MHTepBanoB, BTOpOM 
bxoa KOToporo aneKTpuHecKM conpaweH c 
BbixoAOM cjDOTonpneMHUKa, a BbixoA 
sneKTpuHecKM conpaxeH co bxoaom ycrpoficTBa 

MHAHK3I4MH. 

ripuMep KOHKpeTHOM peann3au 1 MH 
3a?iBrmeMoro cnocoo"a coctomt b cneAyfou^eM: 

riepeA HaManoiwi o6pa6oTKM TBepAbix TKaHefi 
sy6a MSJiyHeHneM npoBOA^T Kann6poBKy 
M3MepnTeribHoro TpaKTa ycTpoPicTBa. flna 3Toro 
ycTaHaBJinBaKJT ypoBeHb 3Heprnn 

M3MepnTeribHoro na3epa 1, npeBbiujafOLAMM 
SHaneHne, cooTBeTCTByfOLH,ee nopory 
pa3pyLueHM5i 3Mann. riocne 3Toro nsnyneHne, 
reHepupyeMoe MMnynbCHbiM na3epoM, Hepe3 
cpeACTBO AOCTaBKH 2, BKmonaioLnee onTHMecKoe 
bojiokho 3 n cjDOKycnpyK3U4yK3 cucTeMy 4, 
HanpaBJiahDT Ha o6pa6aTbiBaeMywD noBepxHOCTb 
KariM6poBOHHoro o6pa3i4a AeHTMHa. 

OAHOBpeMeHHO c 3tmm 0OToperncTpaTopoM 10 
pemcTpupyfOT na3epHbiM WMnyribc b 6noKe 
M3MepeHna BpeMeHHbix HHTepBanoB 9 

CjDUKCMpyiOT MOMeHT BpeMeHM, 

cooTBeTCTByroLL^MM ero Hanariy. I~lpn 
pa3pyiueHMH A^HTHHa B03HMKaeT HMnyribc 
CBeTOBoro M3nyHeHHfl npoflyKTOB ero o6pa6oTKM. 
3tot CBeTOBoti HMnyribc peri^cTpupyNDT 
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cfcoTonpneMHUKOM 5, onTMHecKM conpaxeHHbiM c 
o&nyHaeMOM 30HOM. l/l3MepnTeneM aMnriMTyAbi 
sneKTpuHecKnx MMnyribcoB 6 cpuKcupyioT 
MOMeHT BpeMeHM, cooTBeTCTByK)LU,HM HaMany 
HMnyribca CBeTOBoro nsnyneHUfi npoAyKTOB 
o6pa6oTKM AeHTMHa, n M3MepflfOT nuKOByfo 
HHTeHCMBHOCTb 3Toro MMnyjibca. B OTIOKe 
M3MepeHwa BpeMeHHbix MHTepBanoB 
onpeAen^fOT 3aAep>KKy Han an a MMnynbca 
CBeTOBoro i^i3nyHeHHfl npoAyKTOB o6pa6oTKH 
AeHTMHa OTHOCMTenbHO Hanana na3epHoro 
MMnynbca. B cneKTpanbHOM cjDnnbTpe 8 
npon3BOAflT cneKTpanbHoe npeo6pa30BaHne 
CBeTOBoro M3nyneHHfi npoAyKTOB o6pa6oTKn 

AeHTMHa M M3MepflK)T riMKOByiO HHTeHCMBHOCTb 

MMnynbca CBeTOBoro M3nyHeHnq npoAyKTOB 
o6pa6oTKM AeHTMHa b cneKTpanbHOM Anana30He 
ot 350 ao 500 hm. 3HaHeHMfl iimkobom 
HHTeHCMBHOCTH MMnynbca CBeTOBoro H3ny-ieHMfl 
npoAyKTOB o6pa6oTKM AeHTMHa, 3aAep>KKM 3Toro 
MMnynbca OTHOCMTenbHO Hanana na3epHoro 
MMnynbca h iimkobom MHTeHCMBHOCTM MMnynbca 
CBeTOBoro M3nyneHM?i npoAyKTOB oo"paooTKM 
AeHTMHa b yK33aHHOM cneicrpanbHOM Anana30He 

CjDMKCMpyfOT B yCTpOMCTBe MHAMK3LJ.MM 7 B 

KanecTBe STanoHHbix ati^ AeHTMHa. riocne 3Toro 
M3nyneHMe, reHepMpyeMoe MMnynbCHbiM 
na3epoM, nepe3 cpeACTBO aoct3bkm 
HanpaBnafOT Ha o6pa6aTbiBaeMyfo noBepxHOCTb 
Kann6poBOHHoro o6pa3i4a 3ManM. 

OflHOBpeMeHHO c 3tmm perncTpnpyioT na3epHbiM 
MMnynbC M CjDMKCMpyiOT MOMeHT BpeMeHM, 
cooTBeTCTByioLLJ.MM ero Hanany. npM 
pa3pyujeHMM 3ManM B03HMKaeT MMnynbC 
CBeTOBoro M3ny<-ieHMfl npoAyKTOB ee o6pa6oTKM. 
3tot cBeTOBOM MMnynbC perMCTpMpyfOT 

Cj^OTOnpMeMHMKOM . 0MKCMpyK3T MOMeHT 

BpeMeHM, cooTBeTCTBytoLAMM Hanany MMnynbca 
CBeTOBoro M3nyneHM?i npoAyKTOB o6pa6oTKM 

3ManM, M M3MepafOT nMKOByK) MHTeHCMBHOCTb 

3Toro MMnynbca. OnpeAenaNDT 3aAep>KKy Hanana 
MMnynbca CBeTOBoro M3nyneHMfi npoAyKTOB 
o6pa6oTKM 3ManM OTHOCMTenbHO Hanana 
na3epHoro MMnynbca. npoM3BOA^T 
cneKTpanbHoe npeo6pa30BaHMe CBeTOBoro 
M3nyneHM^ npoAyKTOB o6pa6oTKM 3ManM m 
M3MepaioT nMKOByfo MHTeHCMBHOCTb MMnynbca 
CBeTOBoro M3nyneHMfi npoAyKTOB o6pa6oTKM 
3ManM b cneKTpanbHOM Anana30He ot 350 ao 

500 HM. 3HaHeHMfl nMKOBOM MHTeHCMBHOCTM 

MMnynbca CBeTOBoro M3nyneHMfi npoAyKTOB 
o6pa6oTKM 3ManM, 3aAep>KKM SToro MMnynbca 
OTHOCMTenbHO Hanana na3epHoro MMnynbca m 
nMKOBOM MHTeHCMBHOCTM MMnynbca CBeTOBoro 
M3nyneHM5q npoAyKTOB o6pa6oTKM 3ManM b 
yK33aHHOM cneKTpanbHOM Anana30He 

CjDMKCMpyfOT B yCTpOMCTBe MHAMKaLJ,MM 7 B 

KanecTBe STanoHHbix Ana 3ManM. 

riocne Toro, KaK nonyMeHbi STanoHHbie 
3HaHeHMf1 nMKOBblX MHTeHCMBHOCTeM MMnynbcoB 

CBeTOBoro M3nyHeHMfl npoAyKTOB o6pa6oTKM 

3ManM M AeHTMHa, nMKOBblX MHTeHCMBHOCTeM 

MMnynbcoB CBeTOBoro M3nyneHMfl npoAyKTOB 
o6pa6oTKM 3ManM m AeHTMHa b cneKTpanbHOM 
AMana30He 350 500 hm m 3aAep>KeK MMnynbcoB 
CBeTOBoro M3nyneHMfi npoAyKTOB o6pa6oTKM 
3M3J1H m AeHTMHa OTHOCMTenbHO Havana 
na3epHoro MMnynbca, MMnynbCHoe na3epHoe 
M3nyneHMe HanpaBnaioT Ha o6pa6aTbiBaeMyfo 
noBepxHOCTb TBepAOM TKaHM 3y6a. 
PerMCTpMpyioT MMnynbC CBeTOBoro M3nyneHMfl 
npoAyKTOB o6pa6oTKM TBepAOM TKaHM 3y6a 
na3epHbiM M3nyneHMeM. l/l3Mep^K0T nMKOByio 
MHTeHCMBHOCTb A^HHoro MMnynbca m 
cpaBHMBaioT ee c STanoHHbiMM 3HaneHMflMM 
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nMKOBblX MHTBHCHBHOCTeH ATlfl 3MaJ1H M 

AeHTMHa. B tom cnynae, ecnn M3MepeHHaa 
nuKOBa^ MHTeHCMBHOCTb MMnynbca CBeTOBoro 
M3nyMeHHfl npoflyKTOB TKaHU I yAOBneTBopaeT 
ycjioBMHD: l>(l3+lfl)/2, rp,e \q, STanoHHbie 

3HaHeHMfl nUKOBOM MHTeHCMBHOCTH HMnyJIbCOB 

CBeTOBoro M3nyneHMfl npoflyKTOB oo~pa6oTKM, 
B03HHKaK3Li^nx npM Jia3epHOM pa3pyujeHMH 

3ManH H fleHTMHa, COOTBeTCTBeHHO, TO 

o6pa6aTbiBaeMyK) TBepflyto TKaHb 3y6a 
onpeAejiaraT KaK 3Manb, b npoTHBHOM cnynae 

KQK fleHTMH. 

flna noBbiLueHUfl AOCTOBepHOCTM 
onpeAeneHMfl Tuna o6pa6aTbiBaeMOM TKarn/i 
M3MepaioT nuKOBoe (MaKCHManbHoe) 3HaneHMe 
MHTeHCHBHOCTH MMnynbca CBeTOBoro M3nyneHMfl 
npoAyKTOB o6pa6oTKH b cneKTpanbHOM 
Anana30He ot 350 ao 500 hm. CpaBHMBatOT ee c 

STaJIOHHbIMM 3HaHeHMflMM nUKOBblX 

MHTeHCMBHocTeM nMnyjibcoB CBeTOBoro 
M3nyHeHHFi npoAyKTOB o6pa6oTKH SManM n 
AeHTMHa b yKa3aHHOM cneKTpanbHOM 
A^ana30He. B stom cnynae, ecnn n3MepeHHaa 
nuKOBa^ MHTeHCMBHOCTb MMnynbca CBeTOBoro 

M3JiyHeHMfl npOAyKTOB 06pa60TKM TK3HM B 

cneKTparibHOM AMana30He ot 350 ao 500 hm 
I s yAOBneTBopaeT ycnoBMfo: 

rAe b, l fl 
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STanoHHbie 3HaneHMfl iimkobom 

MHTeHCMBHOCTM MMnyflbCOB CBeTOBoro 

M3Jiy^eHMfl npOAyKTOB 06pa60TKM, BOSHMKafOLI^MX 

npM Jia3epHOM pa3pyiueHMM 3MariM m AeHTMHa, 
COOTBeTCTBeHHO, to o6"pac"aTbiBaeMyio TBepAyfo 
TKaHb 3y6a onpeflermtOT KaK a©htmh, b 
npoTMBHOM cnynae KaK 3Manb. 

flj~m yTOHHeHM5i TMna o6pa6aTbiBaeMOM 
TKaHM 3y6a c noMombfo cfoToperMCTpaTopa 
perMCTpMpyioT na3epHbiM MMnynbc m c^MKCMpyioT 
MOMeHT ero Hanana, M3MepiqfOT 3aflep>KKy Me>KAy 
HananoM na3epHoro MMnynbca m HananoM 
MMnyribca CBeTOBoro M3nyneHMfl npoAyKTOB 
o6pa6oTKM TKaHM. CpaBHMBajoT ee BeriMHMHy c 
STarioHHbiMM 3HaneHM?iMM 3aAep>KeK Ana 3ManM 
m AeHTMHa. B 3tom cnynae, ecriM M3MepeHHa?i 
3aAep>KKa MMnyribca CBeTOBoro M3nyneHMfl 

npOAyKTOB 06pa60TKM TK3HM OTHOCMTeflbHO 

na3epHoro MMnyribca % yAOBneTBopaeT 
ycriOBMK): t > (t3+ x fl )/2, rAe x 3 , x fl STanoHHbie 
3HaneHMfl 3aAep>KeK aKycTMHecKMX MMnynbcoB, 
B03HMKatoLi^MX npM na3epHOM pa3pyi_LieHMM 

SMailM M AeHTMHa, COOTBeTCTBeHHO, TO 

o6pa6aTbiBaeMyfo TBepAyHD TKaHb 3y6a 
onpeAermioT KaK 3Manb, b npoTMBHOM cnynae 

KaK fleHTMH. 

BesonacHOCTb npoi^eAypbi o6~pao~OTKM 
TBepAbix TKaHeM 3y6a na3epHbiM M3nyHeHMeM 
o6ecneHMBaeTCfl B03MO>KHOCTb ynpaBJieHMn 
SHeprMeM reHepai^MM na3epa b cooTBeTCTBMM c 
MH4)opMai4neM o TMne o6pa6aTbiBaeMOM TKaHM. 

flj~m nonyneHMfl MHc|DopMai4MM o TMne 
oc"pa6aTbiBaeMOM TKaHM HeoSxoAMMO 
perMCTpMpoBaTb CBeTOBoe M3nyHeHMe 
npoAyKTOB o6pa6oTKM ; BOSHMKahouuMe npM 
pa3pyi_ueHMM TKaHM na3epHbiM MMnyribcoM. 
OAHaKO, npM B03AeMCTBMM Ha o6pa6aTbiBaeMyto 
TKaHb na3epHbiM M3nyneHMeM npoAyKTbi 
o6pa6oTKM TKaHM B3aMMOAeMCTByfOT c na3epHbiM 
M3nyHeHMeM He TonbKO b 30He o6pa6oTKM (b 
cpoKaribHOM nnocKOCTM cjDOKycMpyfoiAeM 
CMCTeMbi), ho m b He ee b Tex o&nacTflx, rAe 
na3epHbiM nynoK nepeceKaeTca c 3po3MOHHbiM 
cjDaKenoM. B pe3ynbTaTe TaKoro 

B3aMMOAeMCTBMfl MHTeHCMBHOCTb M ClieKTp 
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CBeTOBoro M3nyneHMfl npoAyKTOB oSpaGoTKM 

TKaHM M3MeHflfOTCfl HeKOHTpOJIMpyeMblM 

o6pa30M. ABTopaMM noKa3aHO ; hto ati^ 
perMCTpai^MM CBeTOBoro M3nyHeHM?i npoAyKTOB 
o6pa6oTKM TKaHM, HecyLi^ero MHc|DopMai4MK3 06 ee 
TMne (sMarib, ashtmh), Heo6xoAMMO He TonbKO 
o6ecneHMTb onTMHecKoe conp?i>KeHMe 

C|30TOnpMeMHMKa C 30HOM 06fiyHeHMfl TKaHM 

(4)OKaribHafl nnocKOCTb c^oKycMpyjomeM 
CMCTeMbi), ho m He AonycTMTb nonaAaHM^ Ha 

CjDOTOnpMeMHMK CBeTOBOTO M3JiyHeHMfl TOM H3CTM 

3po3MOHHoro cjDaKena, KOTopaa 
B3a m m OAe m ct By eT c na3epHbiM nyHKOM. 
llocneAHee ycnoBMe mo>kho BbinoriHMTb b tom 
cnynae, ecriM HanpaBneHMe MaKCMMaribHOM 

HyBCTBMTeJIbHOCTM CjDOTOnpMeMHMKa COCTaBflfleT 

c HanpaBneHMew onTMHecKOM ocm Ha BbixoAe 
cjDOKycMpyfOLAeM CMCTeMbi 
yron a. yAOBneTBop^fOLUMM ycnoBMfo 
a > arctg(D/2f), rAe D CBeTOBOM AMaMeTp 
BbixoAHoro OKHa cjDOKycMpyfoiu.eM CMCTeMbi, a f 
ee cjDOKycHoe paccTO^HMe. l~lpM stom Ha 
cjDOTonpMeMHMK He nonaAaeT CBeTOBoe 
M3nyneHMe npoAyKTOB o6pa6oTKM TKaHM, 
KOTopoe B03HMKaeT BHyTpM 3po3MOHHoro cfcaKena 
npw B3anMOfleMCTBMM c na3epHbiM M3nyHeHneM. 
TaKMM o6pa30M, npeAnaraeMaa b 

HaCTOflLAeM M306peTeHMM KOHCTpyKUMfl 

ycTpoMCTBa, coAep>KaLnero 0OTonpMeMHMK, 

yCTaHOBJieHHblM TaKMM 06pa30M, HTO 

HanpaBneHMe ero MaKCMMaribHOM 

HyBCTBMTeribHOCTM cocTaBJineT c HanpaBneHMeM 
onTMHecKOM ocm Ha BbixoAe cjooKycMpyiomeM 
CMCTeMbi yron a yAOBneTBopnioLAMM ycnoBMio: 
HanpaBneHMe ero MaKCMManbHOM 

nyBCTBMTenbHOCTM cocTaBnaeT c HanpaBneHMeM 
onTMHecKOM ocm Ha BbixoAe apoKycMpyjouneM 
CMCTeMbi yron a yAOBneTBop^HDiu.MM 
ycnoBMKJ a > arctg(D/2f), rAe D CBeTOBOM 
AMaMeTp BbixoAHoro OKHa cjDOKycMpytoLL^eM 
CMCTeMbi, a f ee cfoKycHoe paccTO^HMe, 
aBnaeTca HeoSxoAMMbiM ycnoBMeiw AOCTM>KeHMfl 
peiuaeMOM 3aAaHM. flMarpaMMa 

HanpaBneHHOCTM cjDOTonpMeMHMKa Ha cf)Mr. 3 5 
yonoBHO noKa3aHa lutpmxobkom. 

l~lo n. 4 cjDopMynbi M3o6peTeHM^ ycTpoMCTBO 
coAep>KMT (cm. c|DMr. 3) MMnynbCHbiM nasep 1, 
BbixoA KOToporo onTMHecKM conp?i>KeH co 
cpeACTBOM AOCTaBKM M3nyneHMJR ot na3epa k 
3y6y 2, co Ae p>Ka ll\ m m nocneAOBaTenbHO 
pacnono>KeHHbie OTpe30K onTMHecKoro BonoKHa 
3 m cjDOKycMpyioLnyK) CMCTeMy 4. OoTonpMeMHMK 
5 ycTaHOBneH TaKMM o6pa30M, mto HanpaBneHMe 
ero MaKCMManbHOM nyBCTBMTenbHOCTM 
cocTaBnaeT c HanpaBneHMeM onTMHecKOM ocm Ha 
BbixoAe cjDOKycMpyfOLi^eM CMCTeMbi yron, 
yAOBneTBopaioLAMM 3a?iBn?ieMOMy 
cooTHOLLieHMio, a bnxoa cjDOTonpMeMHMKa nepe3 
nMKOBbiM ASTeKTop 6 sneKTpMHecKM conp^xeH c 

yCTpOMCTBOM MHAMKai^MM 7. 

l~lo n. 5 cjDopMynbi M3o6peTeHM^ ycTpoMCTBO 
AononHMTenbHO coAep>KMT (cm. cf)Mr. 4) 
cneKTpanbHbiM cjDMnbTp 8 c nonocoM 
nponycKaHMfl 350 500 hm, ycTaHOBneHHbiM 
TaKMM o6pa30M, hto ero bxoa OnTMHeCKM 
conpfl>KeH c cjDOKanbHOM nnocKOCTbio 
cjDOKycMpyfOLneM CMCTeMbi 4, a bnxoa onTMHecKM 
conp^>KeH co bxoaom 4>OTonpMeMHMKa 5. 

no n. 6 cjDopMynbi M3o6peTeHMfi ycTpoMCTBO 
AononHMTenbHO coAep>KMT (cm. cjDMr. 5 ) 6noK 
M3MepeHMfl BpeMeHHbix MHTepBanoB 9 m 
cfcoTopen/icTpaTop 10, npMHeM bxoa 
cjDOToperMCTpaTopa onTMHecKM conpa>KeH c 
BbixoAOM na3epa 1 , a BbixoA sneKTpMHecKM 
co n pa>Ke h co o ah mm m 3 bxo ao b 6no Ka 
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M3iviepeHH?i BpeivieHHbix MHTepBanoB, BTopon 
bxoa KOToporo sneKTpuHecKM conp^>KeH c 
BbixoflOM c(DOTonpneMHHKa 5, a BbixoA 
aneKTpuMecKM conpaxeH co bxoaom yorpoMCTBa 

MHAMKai4MH 7. 

ripuMep KOHKpeTHOM peanM3aL\nn 
3aflBrmeMoro yorpoficTBa coctout b 
cneAyfoii^eM: 

B KanecTBe ncTOHHUKa H3jryHeHi/m Bbi6paH 
MMnyribCHbiM na3ep 1 Ha HCIT:Cr,Er. CpeflCTBO 
flocTaBKM M3JiyHeHMfl ot na3epa k 3y6y 2 
BbinoriHeHO b BMAe oriTMHecKM conpa>KeHHbix 
OTpe3Ka cancjDnpoBoro BonoKHa 3 n 
cjDOKycupyioLneM cucTeMbi 4 co CBeTOBbiM 

flUaMeTpOM BblXOflHOrO OKHa 2 MM H CjDOKyCHblM 

paccTO^HneM 25 mm, npwneM onTHHecKi/ifi bxoa 
cpeACTBa AOCTaBKM M3JiyMeHna onTnnecKi/i 
conpaweH c BbixoAOM Jiasepa. Ha paccTOfiHun 
45 mm ot 3aAHero cfoKyca <4)OKy cki pyrogen 
CHCTeMbi pacnono>KeH cfroTonpneMHHK 5 MapKi/i 
<£fl24K, ycTaHOBneHHbiM TaKMM o6pa30M, hto 
HanpaBneHne ero MaKCHManbHow 

HyBCTBHTeribHOCTM cocTaBnaeT c HanpaBneHneM 
onTHHecKOM ocn Ha BbixoAe cjDOKycki pyrogen 
cucTeMbi yron 28°. BbixoA cjDOTonpneMHMKa 
aneKTpuHecKM conp?i>KeH nepe3 n3MepnTenb 
aMnnnTyAbi aneKTpn^ecKnx HMnynbcoB 
(oci4nnnorpac|D l_J,9-8) 6 c HHAHKaTopoM 7, b 
KanecTBe KOToporo Bbi6paH 141/1 q^po bo 
BonbTMeTp B4-17. 

flonOflHMTeJIbHO yCTpOMCTBO COAep>KMT 

cneKTparibHbiM cjDnribTp c nofiocow nponycKaHHS 
350 500 hm, BbinoriHeHHbiti b bha© 
nnocKonapannenbHOM nriacTHHbi n 

ycTaHOBneHHbiM TaKMM o6pa30M ; hto ero BbixoA 
onTunecKM conpaweH c apoKaribHOH nnocKOCTbio 
c£oKycnpyjoLnetf cucTeMbi 4, a BbixoA omnHecKH 
conpsweH c cj^oTonpneMHUKOM 5. 

TaioKe ycTpoPicTBO AonoriHMTeribHO 
coAep>KHT cjDOToperMCTpaTop 10 Ha 6a3e 
4>OTOAMOAa Ofl34, onTMHecKM conpa>KeHHbiH c 
BbixoAOM na3epa 1 n 3iieKTpnHecKH 
conp?i>KeHHbiti C OAHMM H3 bxoaob M3MepMTeJ1fl 
BpeMeHHbix HHTepBanoB 9 Ha 6a3e Li,ncjDpoBOL/i 
oci4nrmorpac)Da C9-16. BTopofi bxoa 
M3MepMTeri5q BpeMeHHbix MHTepBaJlOB 
aneKTpuMecKM conpaxeH c BbixoAOM 
0OTonpneMHHKa 5. Ha BbixoAe M3MepnTerm 
BpeMeHHbix MHTepBanoB 3aAep>KKa Me>KAy 
HananoM na3epHoro MMnyribca, 

perndpupyeMoro qboToperkicTpaTopoM, h 
HananoM MMnyribca CBeTOBoro M3nyHeHHfl 
npoAyKTOB na3epH0M o6pa6oTKM TBepAofi TKaHn 
3y6a, perndpupyeMoro cjDOTonpneMHMKOM, 
npeo6pa3yeTcs b sneKipunecKi/iM en man, 
aMnnMTyAa KOToporo nponopu.noHa.nbHa 
BenuMMHe BpeMeHHOH 3aAep>KKM. BbixoA 
M3MepnTen?i BpeMeHHbix MHTepBanoB 
aneKTpuHecKM conpqweH c HHflHKaTopoM 7. 

TaKUM 06pa30M, Ha OCHOBaHMH 

BbiLuen3Jio>KeHHoro 3aflBn?ieMaFi coBOKynHOCTb 
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npn3HaKOB b cnoco6e m ycTpowcTBe no3BormeT 
peiUHTb 3aAany, a HMeHHO CHM3MTb onacHOCTb 
HaHeceHna TpaBMbi nau,uieHTy npn na3epHow 
o6pa6oTKe TBepAbix TKaHen 3y6a npn neHeHnw 
Kapneca h npoTe3MpoBaHMM. 

<DopMyna M3o6peTeHMfl: 

1 . CnocoS o6pa6oTKH TBepAbix TKaHeM 3y6a 
na3epHbiM M3nyMeHneM, BKnioHaioLUMM 
BQ3AeMCTBne Ha TKaHM 3y6a Jia3epHbiM 

MMnyJIbCOM, OTJIMMaJOlHHtlCfl TeM, HTO 

perncTpupyKDT nHTeHCMBHocTb nMnyribca 
CBeTOBoro M3nyHeHna npoAyKTOB o6pa6oTKn 
TKaHU, no nuKOBOMy 3HaneHMK) KOToporo 
onpeflen^fOT Tkin o6pa6aTbiBaeMOM TKaHM. 

2. Cnoco6 no n.1, OTnuHatoujuMCfi TeM, hto 

MHTeHCMBHOCTb CBeTOBOTO M3JiyHeHM?1 

perncTpupytoT b cneKTpanbHOM Anana30He 350 

500 HM. 

3. Cnoco6 no n.1, OTJinHaroLnnkicfl TeM, hto 
oAHOBpeMeHHO c perncTpai4neM HHTeHCMBHOCTM 
MMnyribca CBeTOBoro n3nyHeHM?i M3MepflioT 
BpeMeHHyhD 3aAep>KKy Me>KAy na3epHbiMM 
CBeTOBbiMM HMnyiibcaMM, no BennHUHe kotopom 
yTOHHSiiOT Tun o6pa6aTbiBaeMOM TKaHH. 

4. YcTpoCiCTBO Rnn o6pao"oTKH TBepAbix 
TKaHeM 3y6a na3epHbiM M3nyHeHneM, cocTOflmee 
H3 nocneAOBaTeribHO pacnorio>KeHHbix BAorib 
onTunecKOki ocu MMnynbCHoro Jia3epa 3 a TaioKe 
cpeACTBa AOCTaBKM n qboKycupoBKM na3epHoro 
M3nyHeHMfl, OTJiMHajoLneecfl TeM, hto oho 
coAep>KMT cjDOTonpneMHMK, bxoa KOToporo 
onTunecKM conpa>KeH c cjDOKaribHOM nnocKOCTbio 
cjDOKycupyioLneM cucTeMbi, m n3MepnTerib 
aMnnnTyAbi arieKTpuHecKMX MMnynbcoB, bxoa 

KOTOporO SJieKTpi/lHeCKM COnp?1>KeH C BblXOAOM 

cjDOTonpneMHUKa, a BbixoA aneKTpuHecKM 
conp3>KeH c bxoaom ycTpoMCTBa HHAMKai^nn, 
npuneM qboTonpneMHMK ycTaHOBJieH TaK, hto 
HanpaBfieHne ero MaKCMMaribHOM 

HyBCTBMTenbHOCTM cocTaBTifieT c HanpaBfieHneM 
onTHHecKofi ocu Ha BbixoAe cjDOKycupyKJLueM 

CHCTeMbl yrOJI a, yAOBJieTBOp^HDLl^HM 

ycnoBHK) a > arctg(D/2f), rAe D CBeTOBOM 
AnaMeTp BbixoAHoro OKHa qboKycMpyfOLi^eM 
cucTeMbi; f ee c|DOKycHoe paccToaHMe. 

5. YcTpoMCTBO no n.4, OTfiMHaioLAeecfl TeM, 
hto bxoa 0OTonpneMHMKa onTunecKM conpa>KeH 
c cjDOKajibHOM nnocKOCTbio QboKycupytoineM 
cucTeMbi nepe3 cneKTparibHbiM qburibTp c 
nonocow nponycKaHMfi 350 500 hm. 

6. YcTpowcTBO no n. 4, OT.ni/NafOLneecfl TeM, 

HTO yCTpOMCTBO AOnOJIHUTeflbHO COAep>KMT 

qboToperncTpaTop n 6jiok n3MepeHMfl 
BpeMeHHbix HHTepBanoB, npuneM bxoa 
c|DOToperMCTpaTopa onTunecKH conpa>KeH c 
BbixoAOM na3epa, a BbixoA aneKTpuHecKM 
conps>KeH C OAHMM M3 bxoaob SllOKa M3MepeHMfl 
BpeMeHHbix HHTepBariOB, BTopoCi bxoa KOToporo 
aneKTpuHecKM conpa>KeH c BbixoAOM 
cjDOTonpneMHUKa, a BbixoA sneKTpi/iHecKM 
conpa>KeH c bxoaom ycrpoMCTBa MHAHKai_i.nn. 
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3thx na3epoB o6ecneMMBaeT B03MO>KHOCTb 
Tpe6yeMoro, opueHTupoBaHHoro Ha 
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control unit. Apparatus further comprises 
electronic switches arranged in current 
supply circuits of lasers and controlled by 
output signals issued by control unit. 
Finally, apparatus comprises two or three 
lasers emitting radiations at different 
wavelengths and having independent outputs. 
EFFECT: improved design. 7 cl, 5 dwg 
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M3o6peTeHne othocmtca k MeAMU,MHCKOM 

T8XHMK6 M MO>KBT 6blTb MCn0Jlb30BaH0 B 

xnpyprnn, opToneflnn m CTOMaTonornn Ana 
o6pa6oTKM MarKMX n TBepflbix 6nonornMecKHX 
TKaHew. 

H3BecTHO ycTpoMCTBO flnfl o6pa6oTKH TKaHeM 
3y6a na3epHbiM M3JiyMeHneM (naTeHT WO 
90/01907, A 61 C 5/00, AaTa nyojiHKau.MM 
08.03.90), coAep>KaLi^ee nocneAOBaTenbHO 
pacnono>KeHHbie BAonb onTMHecKOM ocu 
MMnyribCHbiM na3ep n cpeACTBO AOCTaBKH 
M3nyHehMfl k 3y6y, Bi<n fOHaKHU.ee OTpe30K 
onTunecKoro BonoKHa, bxoa KOToporo oninnecKH 
conpaweH c bnxoaom na3epa, v\ HaKOHeHHUK, 

BXOA KOTOporO OnTMMeCKM COnpa>KeH C BblXOAOM 

onTMHecKoro BonoKHa, a BbixoA aBnaeTca 
BbixoAOM ydpoMCTBa. ripuHeM b KanecTBe 
na3epa mo>k6t 6biTb ncnonb30BaH KaK 
HeoAHMOBbm, TaK m rojibMneMbiPi nnn 3p6neBbiM 
na3epbi. 

OcHOBHbiM h e Aocra t ko m AaHHoro 

yCTpOMCTBa 9\BH9\eT09\ HeB03MO>KHOCTb GblCTpOM 

3aMeHbi OAHoro na3epa Ha Apyrofi b 
3aBMCMMOCTM ot Tuna o6pa6aTbiBaeMOM TKaHM, a 
TaioKe BbicoKaa onacHOCTb HaHeceHMa na3epHofi 

TpaBMbl. 

M3BecTHO TaioKe nasepHoe ycTpoMCTBO Ana 
neneHna 3y6oB, KOTopoe aBnaeTca HaMOonee 

OT1M3KMM no TeXHMHeCKOM CyLAHOCTH n npuH^TO 

3a npoTOTMn (naTem WO 90/12546, A 62 5/00 
AaTa ny6nwKa lj.hu 01.11.90). 

3to yCTpOMCTBO COAep>KMT 6flOK 

ynpaBneHna, A Ba HMnynbCHbix na3epa, 
onTHHecKne ocu KOTopbix napannenbHbi, 
pacnono>KeHHbie Ha onTMHecKOM ocu BToporo 
na3epa, cf)OKycMpyK)LiJ 1 yK3 CMdeiviy n OTpe30K 
onTunecKoro BonoKHa c HaKOHeHHMKOM. Ha 
onTMHecKMX ocax ooomx na3epoB pacnonoxeHbi 
noA yrnoM 45°C k ocaM 3epKana, oiitmmgckh 
conpa>KeHHbie Me>KAy cooom, cjDOKycMpyfOLu.eM 
cm ore mom n onTunecKUM bojiokhom. 3epKano, 
pacnono>KeHHoe Ha ocu nepBoro na3epa, 
OTpa>KaTenbHoe, a Ha ocu BToporo na3epa 
AnxpoMHHoe, T.e. CGjneKTHBHO OTpa>KaTenbHoe 
Ana AnnHbi BoriHbi n3JiyHeHna nepBoro na3epa n 
npo3paHHoe Ana AnnHbi BOJiHbi M3JiyHeHna 
BToporo. 

OcHOBHbiM HeAOCTaTKOM npoTOTMna 
aBnaeTca HeAOCTaTOHHaa 3c|D4)eKTMBHOCTb ero 
npnivieHeHMa npn nepexoAe ot pewnivia OAHoro 
Tuna o6pa6oTKM k ApyroMy v\ onacHOCTb 
HaHeceHna TpaBMbl, CBa3aHHaa c OTcyTCTBMeM 
cucTeMbi onpeAeneHna BMAa o6pa6aTbiBaeMOM 

TKaHM. 

3aAana, Ha peweHne kotopom HanpaBneHO 
3aaBnaeivioe M3o6peTeHne 3 3aKnK0HaeTca b 
co3AaHMM ycTpoMCTBa Ana na3epHOM oo"pao"oTKM 
6nonornHecKoCi TKaHM , BbinonHajoLnero Bee 
BMAbi na3epHbix onepau,MM b xi^pyprnn, 
opToneAnn m CTOMaTonornn, c o6ecneneHneM 
npn 3tom bosmoxhoctm 6bicTporo nepexoAa ot 
OAHoro Tuna o6pa6oTKM k Apyroiviy v\ 

MMHMMaJlbHOM HHBa3HBHOCTH. 

YKa3aHHaa 3aAana pemaeTca npn 
ocy m,ecT bji s h m m n3o6peTeHna 3a cneT 
AOCTM>KeHMa TexHunecKoro pe3ynbTaTa, 
3aKJiK)Mawmeroca b onTMMM3au,MM pe>KMMOB 
o6pa6oTKM m napaivieTpoB nasepHoro M3nyneHMa 
b 3aBncnMOCTM ot Tuna o6pa6oTKH v\ BMAa 
6nonornHecKOM TKaHM. 

YKa3aHHbiM TexHMHecKMM pe3yribTaT npn 
ocyLAecTBneHnn n3o6peTeHna AOCTuraeTca Teivi, 
hto b ycTpoMCTBO Ana na3epHOM oGpaSoTKH 
6nojiornHecKoPi TKaHW, coAep>KaLi^ee 6jiok 
ynpaBJieHna, BbixoAbi KOToporo coeAHHeHbi c 
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6jiokom nuTaH^a na3epoB, i/iMnynbCHbie na3epbi, 
onTunecKne ocu KOTopbix napanneribHbi, 
onTunecKM conpa>KeHHbie OTpaxaTeribHbie n 
ceneKTMBHO OTpa>KaTenbHoe Ana AnnHbi BoriHbi 
nepBoro na3epa n npo3paHHoe Ana AnnHbi 
BoriHbi BToporo na3epa 3epKana, Korapbie 
pacnono>KeHbi Ha ocax nepBoro m BToporo 
Jia3epOB COOTBeTCTBGHHO, ycTaHOBJieHHbie Ha 
onTunecKOM ocu BToporo na3epa 
cjDOKycupyfOLnyK) cucTeiviy hm onTunecKoe 

BOJIOKHO C HaKOHeHHHKOM, BblXOA KOToporo 

aBnaeTca onTunecKUM BbixoAOM ycTpowcTBa, 
BBeAeH xoTa 6"bi oamh npneMHUK MHc|DopMa4MH o 
cocTonHMM 6nonornHecKOki tkqhm , bxoa KOToporo 
conpaKeH c MecTOM B03AePicTBMa Ha TKaHb, a 
BbixoA coeAMHeH c bxoaom 6noKa ynpaBJieHna, 
BbixoAbi KOToporo coeAHHeHbi c BXOAaMM 
3neKTpoHHbix KfiHDHeM, ycTaHOBneHHbix b L^ejiax 
coeflMHeHMFi Ka>KAoro na3epa c 6jiokom nuTaHMfl. 
OTpaxaTeribHoe 3epKano ycTaHOBJieHO c 
B03MO>KHOCTbK) BbiBOAa ero H3 xoAa H3JiyHeHHa, 
a Ha onTunecKOM ocu nepBoro na3epa 
nocneAOBaTejibHO no xoAy M3JiyHeHna 
pacnonoKeHa cjDOKycupyroLi^aa cucTeivia n 
onTunecKoe bojiokho c HaKOHeHHMKOM, BbixoA 
KOToporo aBnaeTca ApyruM onTMHecKMM 
BblXOAOM ycTpoMCTBa. 

Bonee 3c|dc|dgktmbho yKa3aHHbiM TexHMHecKMki 
pe3yribTaT AOCTuraeTca TeM, hto b ycTpoMCTBO 
Ana na3epHOM o6pa6oTKM SnonornHecKOM TKaHU, 
coAep^amee 6tiok ynpaBneHna, BbixoAbi 
KOToporo coeAMHeHbi c 6jiokom nuTaHna 
na3epoB, HMnyribCHbie na3epbi, onTunecKMe ocu 
KOTopbix napanneribHbi, onTunecKM 

conpaKeHHbie OTpa>KaTenbHoe m ceneKTMBHO 
oTpa>KaTenbHoe Ana AnnHbi BonHbi nepBoro 
na3epa n npo3paHHoe Ana AnnHbi BonHbi 
BToporo na3epa 3epKana, KOTopbie 
pacnono>KeHbi Ha ocax nepBoro m BToporo 
na3epoB cooTBeTCTBeHHO, ycTaHOBneHHbie Ha 
onTMHecKofi ocu BToporo na3epa 
cjDOKycMpyiouj^yHD cucTeMy n onTunecKoe BonoKHO 
c HaKOHeHHMKOM, BbixoA KOToporo aBnaeTca 
onTunecKMM BbixoAOM ycTpowcTBa, BBeAeH 
TpeTMM HMnynbCHbiPi na3ep, onTunecKaa ocb 
KOToporo napannenbHa onTunecKUM ocaM AByx 
Apyri^x nasepoB, a Ha ero ocm ycTaHOBneHO 
OTpa>xaTenbHoe 3epKano, npuneM 

OTpa>KaTenbHbie 3epKana ycTaHOBneHbi c 
B03MO>KHOCTbH3 BbiBOAa nx H3 xoAa n3nyneHna. 
Ha onTunecKOM ocu BToporo na3epa 3a 
ceneKTMBHbiM 3ep«anoM ycTaHOBneHO BTopoe 
ceneKTMBHO OTpa>KaTenbHoe Ana AnnHbi BonHbi 
TpeTbero na3epa n npo3paHHoe Ana AnnHbi 
BonHbi nepBoro n BToporo nasepoB 3epKano, 
onTunecKM conpa>KeHHoe c OTpa>KaTenbHbiM 
sepKanoM, ycTaHOBneHHbiM Ha ocu TpeTbero 
na3epa, cpoKycupyioLAePi cucTeMow n bxoaom 
onTunecKoro BonoKHa, pacnono>KeHHbix Ha ocu 
BToporo na3epa. KpoMe Toro, Ha Ka>KAOM H3 
ocePi nepBoro m TpeTbero na3epoB 
nocneAOBaTenbHO no xoAy n3nyneHna 
pacnono>KeHbi cjDOKycnpyHDLU,aa cucTeMa n 
onTunecKoe BonoKHO n HaKOHeHHUKOM, BbixoAbi 
KOTopbix aBnaioTca onTunecKHMH BXOAaMM 
ycTpoCicTBa. Yctpomctbo TaioKe cHa6>KeHO xoTa 

6bl OAHUM npneMHMKOM MHCjDOpMaUjUH o 

cocto^hmm 6nonornHecKOki TKaHM, bxoa KOToporo 
conpa>KeH c MecTOM B03AeCicTBna Ha TKaHb, a 
BbixoA coeAMHeH c bxoaom 6noKa ynpaBneHMa, 
BbixoAbi KOToporo coeAMHeHbi c BXOAaMM 
aneKTpoHHbix KnioneM, ycTaHOBneHHbix b i^enax 
coeflMHeHMfi Ka>Kfloro na3epa c 6noKOM nuTaHna. 

npMeMHMK MHQbopMai4MM O COCTOaHMM 

6MonorMHecKOM TKaHM MO>KeT 6biTb BbinonHeH b 
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BMfle cneKTpoaHann3aTopa b o6nacTM 200-1500 

HM, BXOfl KOTOporO OHITHH6CKM COnpflKeH C 

MecTOM B03AeMCTBM?i Ha TKaHb n cocTOflLU,ero H3 
flucnepcuoHHoro arieMeHTa, nnHeMKH 
cjDOTOAeTeKTopoB m sneivieHTa cpaBHeHMfl. 

npneMHMK MHCfJOpMai^HM O COCTOflHMM 

6nonornMecKoCi tk3hh TaioKe MO>KeT 6"biTb 
BbinoriHeH b bhas cjooTooneKTpMHecKoro 
npneMHMKa HHcf)paKpacHoro w3nyHeHMfl, bxoa 
KOToporo onTunecKM conpa>KeH C MeCTOM 
B03AeMCTBMfl Ha TKaHb nocpeACTBOM 
noBopoTHoro 3epKana, pacnono>KeHHoro Ha 
onTunecKOM ocw na3epa Me>KAy BbixoAHbiM 
3epKanoM na3epa n c|DOKycnpyK)LAeCi cudeMOki 
Mepe3 cf)nribTp c nonocoM nponycKaHna, 
MCKriioHaioLuePi nonaAaHne Ha npneMHMK 
M3nyHeHHfl na3epa. 

ripMeMHMK MHC)DOpMai4HM O COCTOflHMM 

6nojiorMHecKoPi TKaHM mo>k6t 6biTb eu^e 
BbinoriHeH b bma© aKycTwnecKoro npneiviHMKa, 
ycTaHOBneHHoro TaKUM o6pa30M, hto 
HanpaBneHne ero MaKCHManbHofi 

HyBCTBHTejibHOCTM cocTaBnaeT c HanpaBneHneM 
onTHHecKOM ocn Ha bxoas HaKOHeHHWKa yron a, 
yAOBJieTBop^fOLHnCi ycnoBMfo: 1 1°<a<86°. 

QjieKTpOHHbM KJ1JOH MO>KeT 6blTb BbinOJlHeH B 

bma© nonynpoBOAHMKOBoro hjih 

3neKTpoBaKyyMHoro nepeKxifonaTerm. 

flonoriHMTenbHO ycTpowcTBO CHa6>KeHO 
cucTewoCi opoLLieHMfl 30Hbi o6pa6oTKM, 
cocToamei/i M3 pe3epByapa a/i* BOAbi c 
BOAflHbiM HacocoM v\ B03AyLUHoro KOMnpeccopa, 

COOTBeTCTByHDLL^Me BblXOAbl KOTOpblX 

o6-beAMHeHbi b HaKOHeMHUKax n flBrmfOTca 
MppuraL^noHHbiMn BbixoAaMM yorpoMCTBa, a 
B03AyuJHbiCi KOMnpeccop b MecTe coeAHHeHWfl c 
B03AyxonpoBOAaMM CHaGmeH 
3neKTpoi\/iarHMTHbiMM KnanaHaiviM, 
noAKTUOHeHHbiMM k BbixoAaM 6\noKa ynpaBneHU^. 

M3BeCTHO, HTO 3Cj3CjDeKTMBHOCTb fia3epHOM 

o6pa6oTKW 6nonorMHecKOM TKaHM c 
OAHOBpeivieHHbiM ooecneneHMeM hm3koh 

MHBa3MBHOCTM (CTeneHM HeKp03a) 3aBMCMT OT 

AnnHbi BOJiHbi m MOU4HOCTM na3epHoro 
M3nyHeHHfl, SHeprnn m BpeMeHM na3epHoro 
B03AeMCTBna, a Ana HeKOTopbix bhaob tk3hh 
>KMAKOCTHoro opoweHWfl 30Hbi na3epHOM 
o6pa6oTKM (cm. HanpuMep Proceeding of. 
Laser-Tissue Interaction V 24-27 january 
1994, Los Angeles, California Vol 2134A). 

MccneAOBaHMfl, npoBeAeHHbie aBTopoM, 
noKa3ariM, hto npw stom HeooxoAMMa 
OAHOBpeivieHHafl onTHMM3ai_|Mfl yKa3aHHbix 
napaMeTpoB Ann Ka>KAoro BMAa 6noTKaHH. 

HHblMM CJIOBaMM, Heo6xOAHMbi: B03M0>KH0CTb 

BbiGopa onTMManbHbix atihh bojih M3nyHeHMPi 
na3epoB mjih mx civiecu, perncTpauna npou,ecca 
na3epHoCi AecTpyKU.nn, BMAa h cocTOflHHfi 

6HOTKaHH H ynpaBfieHMfl AnMHOM BOJiHbi, 

MOLAHOCTbio, 3Heprnei?i h BpeMeHeM na3epHoro 
AePicTBua, cucTeivia opoiueHMa 30Hbi na3epHoixi 
o6pa6oTKM. 

COBOKynHOCTb BBeAeHHblX B yCTpOMCTBO 

xoth 6bi OAHoro npneMHUKa HHa>opMau,HM o 
coctoahmh o6pa6aTbiBaeMoi?i SnonornHecKOM 
TKaHM, BbixoA KOToporo coeAMHeH c bxoaom 
6noKa ynpaBJieHna, n aneKTpoHHbix KJiioHew, 
ycTaHOBneHHbix b i^enax nuTaHna na3epoB m 
ynpaBnjReMbix BbixoAHbiMn curHanaivin 6noKa 
ynpaBneHHfl 3 npeACTaBfi^fOT co6ofi cwcTeiviy 
o6paTHoCi CBA3H , KOTopaa o6ecneHMBaeT 
aBTOMaTunecKne KOHTporib m onTHMaribHoe 
ynpaBJieHne napaivieTpaMU M3nyHeHHM na3epoB 

B 3aBMCMMOCTM OT BHA3 ^ COCTOflHMfl 

o6pa6aTbiBaeMow TKaHi/i h TeM caMbiM 
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o6ecneHMBaeT MUHMManbHyio HHBa3MBHOCTb. 

Heo6xoAHMOCTb aBTOiviaTunecKnx KOHTpona 
n ynpaBfieHMiR Bbi3BaHa nacTO B03HMKaioLi4ei^ 
HeB03MO>KHOCTbK) BH3yaribHoro onpeAereHHfl 
BpanoM cocto?ihh?i o6nyHaeMoCi TKaHM m ee 
BMAa. 

HannHMe AByx He3aBncnMbix BbixoAOM b 
oahom ycTpoCicTBe oriaroAapn bo3mo>khocth 
BbiBOAa OTpa>KaTeribHoro 3epKana M3 xoAa 
n3nyHeHna nepBoro na3epa, a TaioKe 

B03MO>KHOCTb CMeLJJMBaHMfl H3fiyHeHMl1 AByX 
Jia3epOB nOBblLJJaeT 3CjDC|DeKTMBHOCTb paGOTbl 

npn o6pa6oTKe 6noTKaHM m o^ecnennBaeT 
CHM>KeHMe HeKpo3a. 

HannHne b oahom yorpoPicTBe Ana 
o6pa6oTKH 6nonornHecKoC5i TKaHU Tpex na3epoB 

C pa3flMHHblMM ATlUHaMU BOJIH M3JiyHeHHM M 
He3aBMCHMblMM BblXOAaMM H C B03MO>KHOCTblO 

CMeujuBaHMfl n3JiyHeHHM o6ecneHMBaeT 
HaM6onbiuyK) Mo6nribHOCTb npuMeHeHna 
ycTpoCicTBa v\ MaKCHMaribHO pacujup^eT ero 
bo3mo>khocth. HanpuMep, npn OAHOBpeMeHHOM 

B03AeMCTBHH TOJlbMHeBblM M HeOAHMOBblM 

na3epaMM Ha o6nnbHO KpoBOHacbiLuaioLJj.Me 
opraHbi CHMMaeTca onacHOCTb KpoBOTeneHMfi 
npn HecaHKU,noHnpoBaHHoCi nepcjDopai^MM 
KpynHbix KpoBeHOCHbix cocyAOB. flns 
CMeujMBaHMfl M3JiyHeHMfl TpeTbero na3epa c 
AByMfl APyrnMM MJ1M Ka>KAblM H3 HMX BBeAeHbi 
OTpa>KaTeribHoe m ceneKTHBHoe 3epKajia, 

yCTaHOBJieHHbie COOTBeTCTBeHHO K OCflM 

TpeTbero m BToporo na3epoB, a B03MO>KHOCTb 
BbiBOAa OTpa>KaTeribHbix 3epKan M3 xoAa 
n3nyHeHM^ n HannHne AononHHTeribHbix 

CjDOKyCMpyKJlAMX CMCTeM H OnTMHeCKHX BOJIOKOH 

oOecneni/iBaeT He3aBMCMMOCTb Tpex onTMHecKMX 

BblXOAOB yCTpOMCTB. 

flonojiHMTenbHO BBeAeHHan b ycTpoMCTBa 
cucTeMa opoiueHna, ynpaBnaeMafl 
aneKTpoHHbiMn KnanaHaMU, noAKfiioHeHHbiMn k 
BbixoAaM 6noKa ynpaBneHna, oSecnennBaeT 
onTMMaribHoe coneTaHne pe>KHMOB o6nyHeHH?i n 

OpOLUeHMfl TK3HM. 

COBOKynHOCTb M3Jio>KeHHbix b a>opMyne 
M3o6peTeHH?i npn3H3KOB ?iBn?ieTC?i hobom, a 
caMO TexHMHecKoe peiueHMe yAOBneTBopaeT 
KpnTepnfo "M3o6peTaTenbCKMM ypoBeHb". 

Ha cjpnr.1 n3o6pa>KeHa cxeMa yorpoMCTBa 
Ann Jia3epHOM o6pa6oTKM 6noTKaHn; Ha cipur. 2 
cxeMa ycTpowcTBa npn Hannnnn Tpex Jia3epoB; 
Ha qbur. 3 cxeMa BapnaHTOB BbinoriHeHMJi n 
pacnono>KeHHfl npneMHMKOB HHcjDopMau.nn o 
cocTOAHMM o6pa6aTbiBaeMOM 6noTKaHn; Ha 
c|Dnr.4 cucTeMa opoujeHU^ 30Hbi o6pa6oTKn; Ha 
c|DMr.5 GrioK-cxeMa 6noKa ynpaBneHna. 

YcTpoMCTBO An* na3epHoPi o6pa6oTKM 
6MonornHecKOM TKaHM (dpnr.1) coctomt H3 6noKa 
ynpaBJieHMfl 1, coeAHHeHHoro c hum 6noKa 
nuTaHMfl 2, HMnyxibCHbix na3epoB 3, 4, 
coeAMHeHHbix c ©jiokom nuTaHM^ nepe3 
aneKTpoHHbie KJifonn 5, 6, KOTopbie noAKJiKoneHbi 
k BbixoAaM GnoKa ynpaBneHHfl 1 . Ha onTunecKnx 
coax na3epoB 3, 4 pacnorio>KeHbi 
COOTBeTCTBeHHO OTpa>KaTenbHoe 3epKano 7 n 
ceneKTMBHoe 3epKano 8, KOTopbie onTunecKM 
conpfl>KeHbi Me>KAy co6om m c cjDOKycupyfomefi 
cucTeMOM 9 n BbixoAHbiM TopupM onTMHecKoro 

BOJIOKHa 10 C HaKOHeHHMKOM 11, 

pacnonoKeHHbix Ha onTunecKOM ocm na3epa 4. 
CeneKTHBHoe 3epKano 8 OTpa>KaTenbHO Ana 
M3fiyHeHMfl c atimhom BOJiHbi na3epa 3, HO 

np03paHHO ATI51 M3fiyHeHMf1 C A^MHOM BOJiHbi 

na3epa 4. PacnonoxeHHoe Ha onTunecKOM ocu 
na3epa 3 OTpa>KaTeribHoe 3epKano 7 
noAKfiKDHeHO k BbixoAy 6noKa ynpaBJieHna 1 n b 
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noAKJiho^eHO k 6noKy 
nono>KeHMM A 

ymoM 135 ° k 
nono>KeHnn B 



nono>KeHMM A ycTaHaannBaeTCfl noA ymoM 
45° k ocm, a b nono>KeHHM B napannenbHO efi. 
Ha stow >Ke ocm BcneA 3a 3epKanoM 
nocneAOBaTejibHO no xofly n3JiyHeHna 
pacnono>KeHbi cjDOKycMpyfOLnafl cucTeivia 12 n 
onTunecKoe bojiokho 13 c HaKOHeHHUKOM 14. K 
Bxofly onoKa ynpaBJieHUfl 1 noflKJiKDHeH 
aneKTpuMecKMW buxoa npMeMHMKa HHcjDopMau.nn 
o coctoahmh 6nonornMecKOM TKaHM 15, bxoa 
KOToporo conpa>KeH c mgctom bosasmctbha Ha 
SnoTKaHb 16. CucTeivia uppurai^MM 17 
noAKJifoneHa k TeM >Ke BbixoAaM 6noKa 
ynpaBJieHMfl 1, hto h 67iok nMTaHMfl 2, a ee 

BOAAHOW M B03AyLUHblM BblXOAbl 18 M 19 

06-beAHHeHbi b HaKOHeHHMKe 11 (14). 

Ha dpv\r. 2 npeACTaBneH BapnaHT ycTpoficTBa 
c TpeMfl na3epaMH 3, 4, 20. Ha onTMHecKOM ocm 
na3epa 20 ycTaHOBneHO OTpa>KaTenbHoe 
3epKario 21, KOTopoe tsk >Ke, KaK n 
OTpa>KaTenbHoe 3epKano 7, 
ynpaBJieHMFi 1 , n b 
ycTaHaBnuBaeTca noA 

OnTMHeCKOM ocm, a B 
napanneribHO ePi. Ha 3tom >Ke onTunecKOM ocm 
pacnono>KeHbi cjDOKycMpytoLAafl CMCTeivia 22 m 
bxoahom Topei^ onTunecKoro BonoKHa 23 v\ 
HaKOHSHHMKOM 24. Me>KAy QtioKycupyfOLAeki 
CMCTeMOM 9 m ceneKTMBHbiM 3epKanoM 8 
ycTaHOBneHO BTopoe ceneKTMBHoe 3epKano 25, 
KOTopoe onTMHecKM conpa>KeHO c 3epKanoM 21 , 

CjDOKyCMpyJOLAeM CMCTeMOM 9 M BXOAHbIM TOpi^OM 

onTunecKoro BonoKHa 10. CeneKTMBHoe 3ep«ano 
25 OTpaxaTenbHO Ana M3nyneHM£i c atiuhom 
BonHbi na3epa 20, He npo3paHHO A-nfl M3nyHeHHM 
c ATinnaivin BonH na3epoB 3, 4. BnoK nnTaHi/m 2 
coeAHHeH c na3epoM 20 nepe3 aneKTpoHHbiM 
KnfOH 26. 

Pa3HOBMAHOCTflMH npMeMHMKa MHqbopMauuM 

15 O COCTOflHMM GMOTKaHM 16 MOiyT 6"blTb KaK 

cneKTpoaHanM3aTop 27 (0nr.3), bxoa KOToporo 
onTunecKM conpa>KeH c MecTOM B03AeMCTBM?i Ha 
SnoTKaHb 16 n coctoalamm M3 AncnepcMOHHoro 
aneivieHTa 28, nnHetiKH cjDOTOAeTeKTopoB 29 m 
aneivieHTa cpaBHeHna 30, TaK v\ 
cjDOToaneKTpwHecKMM npneMHMK MHcjDpaKpacHoro 
M3nyHeHHfl 31, onTMHecKM conpflweHHbifi c 
MecTOM B03AewcTBMfl Ha 6noTKaHb nocpeACTBOM 
onTunecKoro BonoKHa 13 (10, 23), 
cjDOKycupyHDLneCi cucTeMbi 12 (9, 22) n 
noBopoTHoro 3epKana 32, pacnono>KeHHoro 
Me>KAy cf)OKyckipyHDLAei?i CMCTeMOM 12 (9, 22) n 
3epKanoM 8 nni/i HenocpeACTBeHHO nepeA 
BbixoAHbiM 3epKanoM na3epa 3 (20). llepeA 
OnTMHeCKMM bxoaom cjDOTOsneKTpMHecKoro 
npneMHMKa 31 ycTaHOBneH MHcj^paKpacHbiPi 
0nnbTp 33, nonoca nponycKaHna KOToporo 
MCKnkDHaeT nonaAaHne Ha c^oToaneKTpuHecKMW 
npneMHUK 31 MsnyneHMfl na3epa. B KanecTBe 
npneiviHUKa HHcf)opMai4HM 15 o coctoahhh 
6nonornHecKOki TKaHU 16 MO>KeT 6biTb n 
aKycTkinecKUM npneiviHMK 34, pacnono>KeHHbiM 

BOJ1M3M MeCTa B03AeMCTBMfl Ha TKaHb TaK, hto 
HanpaBneHne ero MaKCMManbHOM 

nyBCTBHTenbHocTM cocTaBnseT c onTunecKOM 
ocbK) M3nyHeHM?i Ha BbixoAe HaKOHeHHUKa 1 1 
(14, 24) yron oo, newamMM b npeAenax ot 1 1 ao 
86°. 

B CBA3M C TeM, HTO HHCnO npneMHMKOB 
MHCjDOpMaU.HM O COCTO^HUM GnOTKaHM MO>KeT 

Kone6aTbc?i ot OAHoro ao asb^tm (no Ka>KAOMy 
BMAy, OKono Kax<Aoro HaKOHeHHUKa), KonnnecTBO 
bxoaob onoKa ynpaBneHna MoxeT 6biTb paBHO 

AeBFITM. 

CucTeivia opoiLieHnsq 30Hbi o6pa6oTKH 17, 
H3o6pa>KeHHafl Ha cjDnr.4, coctout M3 
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pe3epByapa A-rm BOAbi c BOA^HbiM HacocoM 35, k 
KOTopoiviy npucoeAMHeHa BOAonpoBOAHaa 
Tpy6Ka 18, n B03AyuJHoro KOMnpeccopa 36. 
npucoeAHHeHHbie k B03AyLUHOMy KOMnpeccopy 
36 B03AyxonpoBOA^LA Me Tpy6~KH 19 CHa6>KeHbi 
aneKTpoiviarHHTHbiMki icnanaHaiviM 37, 38, 39, 
KOTopbie noAKnKDHeHbi k TeM >Ke BbixoAaM 6noKa 
ynpaBneH^m 1, hto h 6noK nuTaHi/m 2,nepe3 

J1MHMM 33Aep>KKM 40, 41, 42. 

YcTpoficTBO pa6oTaeT cneAyfOLAMM o6pa30M. 
M3nyHeHM?i na3epoB 3, 4, 20, b cnynae 
Haxo>KAeHH?i OTpa>KaTeribHbix 3epKan 7 m 21 b 
nono>KeHHM B, npoMA^ c|DOKycwpyKDLAi/ie cucTeMbi 
9, 12, 22, onTunecKi/ie BonoKHa 10, 13, 23 m 
HaKOHeHHUKU 11, 14, 24 nocTynaK)T Ha 
onTunecKne BbixoAbi ycTpoMCTBa. 

Ecnn OTpaxaTenbHbie 3epKana 7 n 21 
HaxoAflTCfi b nono>KeHHM A, n3nyneHne na3epa 
3, OTpa3HBLLincb ot 3epKana 7, nonaAaeT Ha 
ceneKTMBHoe 3epKano 8 m, OTpa3HBLUMCb ot 
Hero, HanpaBnaeTCfl BAonb onTunecKoCi ocm 
na3epa 4. AHanornHHO, npn HariMHHH na3epa 20, 
n3nyneHne na3epa 20 OTpa3MBUJMCb ot 3epKana 
21 , a 3aTeM ot ceneKTMBHoro 3epKana 25, 
TaioKe Han paBJi fleTCfl BAonb onTunecKOM ocm 
na3epa 4. B pe3yribTaTe, b cba3m co cbomctbom 
ceneKTMBHbix 3epKan 8 m 25, b cf)OKycMpyHDLAyfo 

CMCTeMy 9 M Ha OnTMHeCKMM BblXOA HaKOHeHHMKa 

11 MoryT nocTynaTb M3nyneHMa Bcex Tpex 
na3epoB OAHOBpeMeHHO. 

Bbi6op BMAa npMeMHMKa MHc|DopMai4MM 15 o 

COCTOflHMM 6M0TK3HM 16 33BMCMT OT BMAa TK3HM 

m pe>KMMa o6pa6oTKM, a TaioKe ot BMAa 

HaKOHeHHMKa. l~lpM pa60Te C HeKOHTaKTHbIMM 
HaKOHeHHMKaMM OCHOBHaiq nacTb M3nyneHM5i 
3po3MOHHoro cf)aKena, B03HMKaK3LU,ero M3-3a 
CBeneHMa yAan?ieMbix nacTMij 6MOTK3HM, ne>KMT 
b bmammom m 6nM>KHMX ynbTpacjDMoneTOBOM M 
MHcjDpaKpacHOM o6nacTwx cneKTpa (200-1500) 

HM) M flBJIfleTCfl npMHMHOM HeB03MO>KHOCTM 

BM3yanbHoro Ha6nfOAeHMjR BMAa m coctoahmh 

6MOTKaHM. 

CneKTpanbHbiM cocTaB M3nyneHM5q 

3p03M0HH0r0 CjDaKena 3aBMCMT ot BMAa 

6motk3hm , nooTOMy Heo6xoAMM CneKTpanbHbiM 
aHanM3 3Toro M3nyneHMfi, KOTopoe nonaAaeT Ha 
AMcnepcMOHHbiM oneMeHT 28 

cneKTpoaHanM3aTopa 27, pa3naraeTca b cneKTp 
m nonaAaeT Ha nMHeMKy cf)OTOAeTeKTopoB 29, 
coeAMHeHHyK) c sneMeHTOM cpaBHeHMfl 30. 
YpoBeHb BbixoAHoro aneKTpMHecKoro cumajia 
aneMeHTa cpaBHeHMfl 30 cooTBeTCTByeT 

KOHKpeTHOM KOM6MH3I4MM A^IMH BOnH CneKTpa 

M3nyneHM5q apo3MOHHoro cpaKena. 
OneKTpMHecKMM CMTHan ot aneMeHTa cpaBHeHMfl 
30 cneKTpoaHanM3aTopa 27 nocTynaeT Ha ojiok 
ynpaBneHMjq 1 , rAe Bbipa6aTbiBaeTC?i CMTHan 
M3MeHeHM^ pe>KMMa m napaMeTpoB M3nyHeHMa 
na3epoB. 

PaGOTa C KOHTaKTHbIMM HaKOHeHHMKaMM 

CBiR3aHa c HarpeBaHMeM na3epHbiM M3nyneHMeM 
TopL^a paSonero MHCTpyMeHTa (BonoKHO MnM 
cancfiMpoBbiM HaKOHeHHMK) ao TeMnepaTypbi, 

AOCTaTOHHOM ATI5R pa3pyLLieHMfl 6MOTK3HM. 

HarpeB MecTa B03AeMCTBM^ conpoBOKAaeTCfl 
B03HMKHOBeHMeM MHcjDpaKpacHoro M3nyneHMfl, 
KOTopoe nepeAaeTca no BonoKHy HaKOHeHHMKa 
11 (14, 24) m onTMHecKOMy BonoKHy 10 (13, 
23) b HanpaBneHMM, o6paTHOM xoAy na3epHoro 
M3nyneHM^, OTpa>KaeTCfl ot noBopoTHoro 
3epKana 32, npoxoAUT MHcjDpaKpacHbiM cfrwnbTp 
33 m nonaAaeT Ha cjDOTOsneKTpMHecKMM 
npMeMHMK 31 . OneKTpMHecKMM CMman c BbixoAa 
cjDOTOsneKTpMHecKoro npMeMHMKa 31 nocTynaeT 
b 6noK ynpaBneHMfl 1 , rAe b 3aBMCMMOCTM ot 
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napaivieTpoB 3Toro curHana BbipaSaTbiBaeTCfl 
cMTHan ocTaHOBKM, npoflon>KeHMfl hum 
n3MeHeHMfl pe>KHMa pa6oTbi na3epa. 

3KcnepnMeHTaribHO ycTaHOBneHO, hto 
TennoBoe M3nyHeHne ; bo3 h m Ka kd ll\ss npi/i pa6oTe 

C KOHTaKTHbIMM HaKOHeHHHKaMM, HaXOflMTCfl B 

rnyooKofi MHCppaKpacHoPi o6nacTM. B stoCi 

OOnaCTM HyBCTBHTGnbHOCTb CjDOTOSneKTpMHeCKMX 

npn8MHMKOB OHeHb Maria. CneKTparibHafl 
oonacTb n3nyHeHMfl Jia3epoB TaioKe ne>KMT b 
MHcjDpaKpacHOM oSnacTH. riosTOMy norioca 
nponycKaHHH HHcjDpaKpacHoro cfwnbTpa 33 
cornacoBaHa co cneKTpanbHofi 

HyBCTBHTenbHOCTbfo ct>OTonpneMHHKa 31, c 

OKHOM np03paHHOCTM OnTHMGCKOTO BOJlOKHa 13 H 

o6ecneMMBaeT ncicnioMeHMe nonaflaHHa Ha 
cjDOTonpneMHMK 31 M3nyHeHna na3epoB 3, 4, 20. 
ripoflyKTbi na3epHoro pa3pyi_ueHHfl 6noTKaHH 

pa3JieTafOTC?1 CO CBepX3ByKOBOfi CKOpOCTbK), H B 

cneACTBMe pe3Koro M3MeHeHi/ifl AaBneHHfl H3-3a 
conpoTMBJieHns cpeAbi reHepi/ipyeTca 
aKycTHHecKaa BoriHa. flna pa3JiMHHbix TKaHew 
aMnnnTyAa aKVCTWHecKow BOJiHbi pa3JiMHHa. 
AMnnnTyAa aKycTHMecKofi BOJiHbi 

perncTpupyeTC^ aKycTHMecKUM npneMHHKOM 34, 
aneKTpi/mecKHffi caiman c KOToporo nocTynaeT Ha 
6jiok ynpaBJieHMFi 1, rAe cnHTe3npyeTca ci/innan 

BpeMeHHOM OCTaHOBKM H3HyHeHHH MJ1M 

M3MeHeHHfi pe>KMMa pa6oTbi na3epa b 
3aBMCMMOCTM ot ™na oSpaoaTbiBakDmew TKaHU 
mjim b cnynae npeBbiujeHMfl 3Heprnn na3epHoro 
MMnynbca HaA noporoM pa3pyi_LieHHfl 6noTKaHM, 
hto BnnfieT Ha crreneHb na3epHoro HeKpo3a. 

npeKpau^eHne b cnynae hgooxoammoctm 
pe>KMMa n3nyMeHna na3epoB b cootbgtctbhh c 
ckimanaMU cneKTpoaHann3aTopa 27, 
cpoToaneKTpuHecKoro mjim aKVCTMHecKoro 

npi/IGMHMKOB 31 M 34 npOMCXOAMT C nOMOLUbtO 
6blCTpOAeMCTByfOLJ4MX OJieKTpOHHblX KTIKJ'Hetl 5, 6, 

26. Cwman c 6noKa ynpaBneHUfl 1 noAaeTca Ha 
ynpaBJiflHDinnM bxoa sneKTpoHHoro Kntona 5, (6 
26) pa3MbiKaa i^enb nwTaHMfl Ka>KAoro M3 
na3epoB. npeKpameHne HMnynbca H3nyHeHHfl 

3CfcO>eKTHBHO, eCJIH BpeMfl OTKJIKDHeHMfl l"IHTaHHfl 

MeHbLue ATiMTenbHOCTH MMnynbca H3nyHeHi/ia. 
(fljiMTeribHOCTb MMnynbca H3nyHeHMfl mokot 
6biTb 150-500 mkc. ). noaTOMy b KanecTBe 
aneKTpoHHoro KJifona Aon>KeH ncnonb30BaTbcs 
sneivieHT c bncokmm ObicTpoAewcTBueM. TaKMMH 
ynpaBJifleMbiMH KnioHaMU flBnaioTCfl 
nonynpoBOAHMKOBbie nnn aneKTpoBaKyyMHbie 
nepeKHhonaTeriM, BpeMfl cpaoaTbiBaHMfl KOTopbix 
He npeBbiLuaeT 100 mkc. 

OpoujeHne 6noTKaHH c noMou^bK) CHCTeMbi 
1 7 nponcxoAMT cneAytou^HM o6pa30M. M3 
pe3epByapa atia BOAbi c BOA^HbiM HacocoM 35 
BOAa 3anoxiHfleT BOAonpoBOAflmne Tpy6KM 18. B 
cnynae Heo6xoAHMOCTM opoujeHHfl TKaHU 
cumajibi M3 6noKa ynpaBJieHM^ 1 nocTynaraT Ha 
sneKTpoMarHHTHbiM KJianaH 37 (38, 39), Kcropbitf 
OTKpbiBaeT nocTynneHne B03Ayxa noA 
AaBJieHneM M3 B03AyLUHoro KOMnpeccopa 36 b 
B03AyxonpoBOA 19. KoHi^bi boao- m 
B03AyxonpoBOA^LHMX TpyooK 18 M 19 
pacnono>KeHbi b HaKOHeMHUKax 11 (14, 24) TaK, 
hto nocTynneHne boan Ha uppurai^noHHbie 
BbixoAbi ycTpoPicTBa nponcxoAUT npn noAane 
B03Ayxa no npnHL4nny nyribBepn3aTopa. 

Cnmanbi H3 ©noKa ynpaBJieHUfl 1 nociynafOT 
Ha 3neKTpoMarHHTHbie KnanaHbi 37 (38, 39) 
nepe3 riMHMM 3aAep>KKM 40 (41, 42) 
oflHOBpeMGHHO c CMrHaraMU 3anycKa HMnyribcoB 
reHepai^nn na3epoB 3 (4, 20). 

OpoujeHne 6noTKaHM boaom aoji>kho 
nponcxoAHTb b npoMe>KyTKax Me>KAy 
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HMnyribcaMM M3JiyHeHHfl na3epoB (c Ljenbfo 
M36e>KaTb He>KejiaTeribHoe pacce^Hne 

H3fiyHeHl/1fl H nOBblCHTb 3C)DC(DeKTHBHOCTb 

opoLLieHM?!), no3TOMy AnnTeribHOCTb BpeMeHU 
3aAep>KKM nnHnCi 3aAep>KKH 40 (42, 42) paBHa 

BpeMeHHO ATlMTeJIbHOCTM MMnyjlbCOB H3fiyHeHMfl 

na3epoB c yneTOM BpeMeHM nocTynneHun 

B03Ayxa K KOHLjaM Tpy6oK 19. 

npuMep KOHKpsTHOM peanM3au l MM 
3a^BJifleMbix ycTpoiicTB coctout b cneAyKJLueM. 
Bjiok ynpaBneHMfl 1 (c|DMr.5) coctomt H3 
ycnnwTeri5R BXOAHbix curHanoB c HHTerpaTopoM 
(cm. MacneHHUKOB B.B. Cmpotmh A.n. 
"H36npaTeribHbie RC ycujiMTenn", M. 3Heprn^, 
1980, CTp. 69) BOCbMMKaHaribHoro 
Aec^TupaspflAHoro aHanoro-i^nctDpoBoro 
npeo6pa30BaTerifl (Al_4r~l) c nocneAOBaTeribHbiM 
MHTepcjDePicoM max 192 cepnn (cm. KaTanor 
MAXIM 1993), npoL^eccopa PC-104 c 
KBapueBbiM reHepaTopoM (cm. KaTanor 
KoHcopi4nyMa Advantage real time devic 
AMPRO, 1993 CTp. 103-184) M 
BocbMMKaHanbHoro TpnHaAUaTnpa3p^AHoro 
i_|ncf)poaHanoroBoro npeo6pa30BaTena (MAI~I) c 
nocneAOBaTenbHbiM i/iHTepcf)ei7icoM max 540 
cepnn (cm. KaTanor MAXIM 1993). BbixoAHbie 
curHanbi L(An ^BnflHDTCfl BbixoAaMU 6noKa 
ynpaBneHMfl 1 , no TpeM M3 KOTopbix, KpoMe 
curHanoB 3anycKa HMnynbcoB reHepauwn, 
nocTynaioT cumanbi, onpeAen^fOLAyhD BennnnHy 
3Heprvin HaKonnTenbHbix KOHAeHcaTopoB 6noKa 
nuTaHMjq 2 (cm. BonKOB l/l. B. "Hctohhmkm 
nuTaHMiR na3epoB", TexHMKa, KneB, 1976, 
CTp. 118). 

B KanecTBe na3epoB ncnonb3y«TC5R na3epbi: 
Nd:YAG (flxiMHa BonHbi 1,06 mkm v\nv\ 1,32 mkm, 
Ho:YAG (An^Ha BonHbi 2,09 mkm) m Er:YAG 
(AnnHa BonHbi 2,94 mkm). B KanecTBe 
AncnepcuoHHoro sneMeHTa 28 CTeKnaHHaa 
npn3Ma, b KanecTBe cjDOTOAeTeKTopoB 29 
KpeMHueBbie nonynpoBOAHMKOBbie cjDOTOAMOAbi 
0fl-256, a b KanecTBe cjDOTOsneKTpuiHecKoro 
npneMHUKa MHcf)paKpacHoro n3nyneHH?i 31 
repMaHneBbiM c|dotoahoa Ofl-9. 3neMeHT 
cpaBHeHUfl 30 MMKpocxeMa K554CA3 nnn 
LM-111. AKycTMHecKUM npneMHUK 34 MMKpOCflOH 
BK4138. 

TaKMM o6pa30M, npeAnaraeMbie ycTpoPicTBa 
3a cneT coBOKynHOCTH sa^BnneMbix npn3HaKOB, 
o6ecneHMBaa onepaTMBHoe ynpaBneHMe c 

B03MO>KHOCTbK) BapbMpOBaHU?! B LUHpOKOM 

AMana30He napaMeTpaMU na3epHoro M3nyHeHnw, 
no3BonflK)T npoBOAHTb xnpyprnnecKne 
npoi^eAypbi Ha 6noTKaH?ix b KanecTBe nn6o 
CKanbnenjR, nno"o Koaryn^Topa, nn6o 
AecTpyKTopa b 3aBHcnMOCTH ot Tpe6yeMbix 
TunoB, pe>KMMOB m coHeTaHnPi pa6oTbi na3epoB, 

OpMeHTHpOBaHHblX Ha MMHMManbHyKD 

TpaBMaTMHHOCTb npH A^HHOM BMfle B03AeMCTBMq 

Ha flaHHyio 6noTKaHb. 

cDopwiyna M3o6peTeHM5q: 

1. Yctpomctbo ah?i na3epHOM o6pa6oTKM 
6nonornHecKOM TKaHU, coAep>KaLnee otiok 
ynpaBneHUfi, BbixoAbi KOToporo coeAHHeHbi c 
6noKOM nuTaHns na3epoB, MMnynbCHbie na3epbi, 
onTunecKne oov\ KOTopbix napannenbHbi, 
onTi/inecKM conp?i>KeHHbie OTpa>KaTenbHoe m 
ceneKTMBHO OTpa>KaTenbHoe ati^ ahuhh BonHbi 
nepBoro na3epa n npo3paHHoe Ani/iHbi 
BonHbi BToporo na3epa 3epKana, KOTopbie 
pacnono>KeHbi Ha onTunecKnx ocsrx nepBoro v\ 
BToporo na3epoB, cooTBeTCTBeHHO 

ycTaHOBneHHbie Ha onTunecKOLi ocm BToporo 
na3epa c£oKyci/ipyK)inyio cucTeMy n onTunecKoe 
BonoKHO c HaKOHenHUKOM, BbixoA KOToporo 
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HBTmeTCfl OnTHHeCKUM BblXOflOM ycTponcTBa, 
OTJIMHaHDLL^eeCfl TBM , HTO B Hero BBefleH XOTfl 6bl 
OflHH npneMHMK MHCf)OpMaU,MM O COCTOflHMM 

6nonornqecKoCi TKaHM, bxoa KOToporo BbinojiHeH 

ATlfl COnpfl>KeHH^ C MeCTOM B03AeMCTBMfl Ha 

TKaHb, a BbixoA coeflMHeH c bxoaom GnoKa 
ynpaBneHi/m 3 Bbixoflbi KOToporo coeAMHeHbi c 

BXOflaMU 3JieKTpOHHblX KJllOHeM, yCTaHOBJIGHHblX 

b i^ermx coeflMHeHMfl Ka>Kfloro na3epa c Sjiokom 
nMTaHMJR, Kpoivie Toro, OTpa>KaTejibHoe 3epKano 
ycTaHOBiieHO c B03MO>KHOCTbio BbiBOfla era M3 
xofla n3nyHeHMfi, a Ha omnHecKoFi ocm nepBoro 
na3epa nocneflOBaTenbHO no xofly M3nyneHMfl 
pacnono>KeHa cfcoKycwpyfomafl CMoreMa n 
onTunecKoe bojiokho c HaKOHeHHMKOM, bhxoa 
KOToporo flBrmeTca Apyri/iM onTunecKUM 
BblXOAOM ycTpoMCTBa. 

2. YCTpOMCTBO Ana na3epHOM o6pa6oTKH 
enojiornHecKoPi TKaHM, coAepwamee 6jiok 
ynpaBJieHun, Bbixoflbi KOToporo coeflMHeHbi c 
otiokom nuTaHUfi na3epoB, MMnyjibCHbie na3epbi, 
onTunecKne ocu KOTopbix napanrienbHbi, 
onTunecKM conpaweHHbie OTpa>KaTejibHoe n 
ceneKTMBHO OTpa>KaTenbHoe Arm atimhn BoriHbi 
nepBoro na3epa n npo3paHHbie Arm atiuhw 
BonHbi BToporo na3epa 3epKana, KOTopbie 
pacnono>KeHbi Ha onTunecKHX ocfix nepBoro v\ 

BTOporO Jia3epOB, COOTBeTCTBeHHO 

ycTaHOBiieHHbie Ha onTMHecKOM ocu BToporo 
na3epa, cfcoKycwpyfOLnyfo cucTeMy n omnHecKoe 

BOJIOKHO C HaKOHeHHMKOM, BblXOfl KOTOporO 

nBnnercn onTunecKUM BbixoflOM ycTpoMCTBa, 
OTJiMHaKDii^eecfl TeM, hto b Hero BBeAeH TpeTHM 
MMnyribCHbiM na3ep, onTunecKaa ocb KOToporo 
napanneribHa onTMHecKMM ocam AByx Apyrux 
na3epoB, a Ha ero ocu ycTaHOBJieHO 
OTpa>KaTenbHoe 3epKano, npuneivi 

OTpa>KaTeribHbie 3epKana ycTaHOBiieHbi c 

B03MO>KHOCTbK) BblBOfla MX H3 XO{\a H3J~iyHeHMM , a 

Ha oriTUHBCKOM ocu BToporo na3epa 3a 
ceneKTMBHbiM 3epKanoM ycTaHOBJiBHO BTopoe 
ceneKTMBHO OTpa>KaTeribHoe pnn a^hhn BoriHbi 
TpeTbero na3epa n npo3paHHoe Rnn atihh bojih 
nepBoro n BToporo na3epoB 3epKa.no, onTuinecKH 
conpa>KeHHoe c OTpaKaTenbHbiM 3epKanoM, 
ycTaHOBiieHHbiM Ha onTMHecKoiTi ocu TpeTbero 
na3epa, ctDOKycMpyfoineM CMCTeMOM m bxoaom 
onTunecKoro BonoKHa, pacnono>KeHHbix Ha ocu 
BToporo Jia3epa, Kpoivie Toro, Ha k3>kaom M3 
oceM nepBoro m TpeTbero na3epoB 
nocneAOBaTeribHO no xofly M3JiyHeHMfl 
pacnono>KeHbi dpoKycMpyfOLnafl cucTeivia v\ 
onTunecKoe bojiokho c HaKOHeHHMKOM, Bbixoflbi 
KOTopbix flBrmtoTCfl ApyrnMH onTunecKHMM 
BbixoAaMM ycTpoMCTBa, CHaoxeHHoro TaioKe 
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XOTfl 6bl OflHMM npneMHMKOM MHCj30pMaU,MH O 

cocTO^HMM 6nonornHecKOM TKaHM, bxoa KOToporo 
BbinoriHeH Arm conpsi>KeHMfl c MecTOM 
B03AeMCTBHfl Ha TKaHb, a BbixoA coeAHHeH c 
bxoaom 6noKa ynpaBneHU^, BbixoAbi KOToporo 
coeAHHeHbi c BbixoAQM oneKTpoHHbix KntoneM, 
ycTaHOBneHHbix b u,enax coeAHHeHun Ka>KAoro 
na3epa c 6tiokoivi nuTaHna. 

3. YcTpoMCTBO no nn.1 v\ 2, OTJiMHarou^eecfl 

TeM, HTO npneMHMK MHCjDOpMai4HM O COCTOflHMM 

6nonornHecKOM TKaHU BbinoriHeH b BMAe 
cneKTpoaHann3aTopa b ooriacTM 200 1500 hm, 
bxoa KOToporo BbinoriHeH Arm onTunecKoro 

COnpfl>KeHMfl C MeCTOM B03AeWCTBMfl Ha TKaHb, M 

cocTOflLu.ero H3 AncnepcuoHHoro aneMeHTa, 

JIMHeMKI/I CjDOTOAeTeKTOpOB n sneMeHTa 
cpaBHeHMfi. 

4. YcTpoMCTBO no nn.1 n 2, OTJiMHaioLneecfl 
TeM, hto npweMHWK MHqbopMai^nM O COCTOflHUH 
6nonornHecKOM TKaHM BbinoriHeH b BMAe 
4)OT03rieKTpMHecKoro npneMHMKa 
MHcjDpaKpacHoro M3JiyHeHH5q, bxoa KOToporo 
BbinoriHeH aha onTunecKoro conp?i>KeHH?i c 

MeCTOM B03AeMCTBMfl H3 TK3Hb nOCpeACTBOM 

noBopoTHoro 3epKana, pacnono>KeHHoro Ha 
onTunecKOM ocm na3epa Me>KAy BbixoAHbiM 
3epKanoM na3epa m cJpoKycMpyHDU^eM cucTeMOM, 
nepe3 cjDMJibTp c nonocoM nponycKaHMfl, 
MCKJiioHaioLi^eM nonaAaHMe Ha npneMHMK 
n3nyHeHM^ na3epa. 

5. YcTpoticTBO no nn.1 v\ 2, OTni/Naiomeecfl 

TeM, HTO npneMHMK MHC)DOpMaL4MM O COCTOflHUM 

GnonornHecKOM TKaHM BbinoriHeH b BMAe 
aKycTMHecKoro npMeMHMKa, ycTaHOBneHHoro 
TaKMM o6pa30M, hto HanpaBJieHMe ero 

MaKCMMailbHOM HyBCTBMTeJIbHOCTM COCTaBTlfleT c 

HanpaBJieHMeM onTMHecKOM ocm Ha BbixoAe 
HaKOHeHHMKa yrori a, yAOBneTBopntoii^MM 
ycnoBMJO 11° < a < 86° 

6. YcTpoMCTBO no nn.1 m 2, omMHaiomeec^ 

TeM, HTO 3JieKTpOHHblM KJ1HDH BbinOJIHeH B BMAe 

noriynpoBOAHMKOBoro mjim arieKTpoBaKyyMHoro 
nepeKJitoHaTerifi. 

7. YcTpoMCTBO no nn.1 m 2, omMHaioLneecfl 
TeM, hto oho AonoriHMTenbHO CHa6>KeHO 
CMCTeMOM opoujeHMfl 30Hbi o6pa6oTKM, 
cocTOflLJ4eM M3 pe3epByapa An^ boah c 
BOA^HbiM HacocoM m B03AyuJHoro KOMnpeccopa, 

COOTBeTCTByfOLU.Me BblXOAbl KOTOpblX 

06"beAMHeHbl B HaKOHeHHMKaX M flBJIfllOTCfl 
MppMraU,MOHHblMM BblXOAaMM ycTpoMCTBa, a 

B03AyuJHbiM KOMnpeccop b MecTe coeAMHeHMa c 
B03AyxonpoBOAaMM CHa6>KeH 
sneKTpoMarHMTHbiMM KJianaHaMM, 
noAKJiKDHeHHbiMM k BbixoAaM 6noKa ynpaBneHM^. 
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Ka6nHeTe pecjDJieKCOTepannn. I_4enb 
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yBeriMHeHUfl rny6nHbi npoHUKHOBeHUfi 
M3nyHeHi/m b Teno naijweHTa 6e3 yBennneHun 

MOLAHOCTM HCTOHHMKa M3JiyHeHMfl. 
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ycTpoficTBO A^fl pecjDJieKCOTepanMH, cocTOflmee 
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jiMH30ki M3 GBeTocjDMnbTpyHDLAero MaTepnana c 
nonocTbio, b KOTopofi pacnono>KeH mctohhmk 

M3JiyHeHMfl. fljlfl nOBblLUeHMfl 3C|DCjDeKTMBHOCTM 

ncnojib30BaHMfl CBeTOBOM SHeprnn, 
Bbipa6aTbiBaeMOM hctohhmkom H3nyHeHHfl, Ha 
noBepxHOCTb nnH3bi He npujierajoLi^yjo k Teny 
nai4neHTa, HaHeceHO OTpawaromee noKpbiTne. 
fljifl AonojiHMTeribHoro noBbiLueHun 
3cf)c(3eKTHBHOCTM neneHkm ncTOHHMK M3ny«-ieHi/m 
BbinoxiHeH nepecTpanBaeMbiM no HacTOTe 
n3nyHeHM5q. 2 3.n. c)D-nbi, 2 nn. 
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(54) REFLEXOTHERAPY DEVICE 

(57) Abstract: 

FIELD: medical engineering. SUBSTANCE: 
reflexotherapy device consists of operating 
element secured on patient's body. Operating 
element includes optical-range radiation 
source connected electrically to power 
supply and control unit. Reflexotherapy 
device contains N operating elements. Each 
of them is provided with small-size convex 
lens made of light filtering material with 
cavity which accommodates radiation source. 
To raise efficiency of using the light 
energy generated by radiation source, 
reflecting coating is applied to lens 
surface nonadjacent to patient's body. To 



enhance treatment efficiency, radiation 

source is made retunable as to radiation 

frequency. EFFECT: enhanced efficiency. 3 
cl, 2 dwg 
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M3o6peTeHne OTHOCMTca k oonacTM 
MeAMi4HHCKOM TexHMKM m npeAHa3HaneHO Ana 
npoBeflei-ii/ifl npoqbMnaKTMHecKMX n neneSHbix 
npoL^eflyp nocpeflCTBOM B03AeMCTBMa Ha 
enonorn^ecKM aKTMBHbie tohkm h 30Hbi 
M3nyneHi/ieM onTMMecKoro Awana30Ha. 

H3BeCTHO OIITHHeCKOe yCTpOMCTBO Ana 
fl03MpOBaHHOrO B03AeClCTBMfl Ha TOHKM 

aKynyHKTypbi cojiHeHHbiM cbbtom (a.c. N 
1602528 , kji. A 61 H 39/08 ot 02.06.87). 

YCTPOMCTBO COflep>KHT KOHLjeHTpaTOp, flaTHMK 
MOLU,HOCTM M3nyHeHH^, >KaJ1KD3M HUM ojiok 
nomOl^aiOli^MX CjDMJlbTpOB, CHJIOBOM CBeTOBOA, 
OTIOK pa3BOfl?1LMMX CBeTOBOflOB, Topubi KOTOpblX 

3aKpennaioTca b oonacTM 6nonornHecKM 
aKTMBHbix ToneK. flna obnyneHMa rnyGoKO 
3aneraK)Lnnx SMonon/inecKM aKTMBHbix ToneK 
ncnojib3yjoTCfl HH-beKi^noHHbie urnbi c 
npono>KeHHbiMH no i^eHTpajibHOMy KaHany 

CBeTOBOflOM. 

He,qocTaTKOM SToro ycTpoMCTBa BBnaeTca: 

- B03fleMCTBne Ha tohkm aKynyHKTypbi TonbKO 
6enbiM CBeTOM, 

HGBQ3MO>KHOCTb B03AeMCTBMa 

oflHOBpeMeHHO Ha HecKoribKO ToneK CBeTOM 
pa3J1M4HblX A-HUH bojih, (pa3JiM4Horo i^BeTa), 

- 6oribLjJne noTepn CBeTOBOM 3Heprnn, 
nepe,qaBaeMOM no CBeTOBOfly ot KOHueHTpaTopa 
k oSnynaeivioM TOHKe, 

- npn ncnojib30BaHnn MH"beKi4MOHHbix urn 

nOflBJIfleTCfl B03MO>KHOCTb MHC|DM14HpOBaHMfl 

nauweHTa, a TaioKe HenpMaTHbie omymeHMa npn 
BBeAeHUM urn, 

- TpeoyeTca BbicoKaa KBanMcjDMKai^Ma Bpana, 
BBOA^LMero MH-beKi^noHHbie urnbi Ha conbiuyio 
rny6MHy. 

H3BecTHO onTMHecKoe ycTpoMCTBO Ana 
pecjDneKCOTepanuM (a.c. N 1553126, kji. A 61 H 
39/06, ot 26.06.88). B otom ycTpotfcTBe Ana 
B03AeMCTBMH na3epHbiM n3nyHeHneM Ha 
6nojiornHecKM aKTMBHbie tohkm Mcnonb3yeTca 
annriMKaTop, oSecneHMBaioLHHM KOMnneKCHoe 
B03AeMCTBne HecKoribKMMM perynMpyeMbiMM 
napaMeTpaMM Ha peqoneKcoreHHbie 30Hbi. 
YcTpoPicTBO coAep>KMT anacTHHHoe ocHOBaHne c 
srieMGHTaiviM KpenneHMa. Ha ocHOBaHMH 

yCTaHOBfieHbl CbeMHbie HH"bGKl_|MOHHbie 

onTMHGCKM npo3paHHbie urnbi m HarpeBaTenbHbie 
aneivieHTbi. 

HeflocTaTKOM SToro ycTpoMCTBa HBnEeTca: 

- Mcnonb30BaHMe M3nyneHMa TonbKO oahom 
ATlMHbl BOflHbl (u,BeTa), 

HeB03MO>KHOCTb B03A©MCTBM5R 

OAHOBpeMeHHO Ha HecKoribKO ToneK 
aKynyHKTypbi CBeTOM pa3JiMHHbix atimh bojih 

(pa3J1MHHblX I^BeTOB), 

- B03MO>KHOCTb MHCpni^MpoBaHMS nai^MeHTa M 
HenpwjTTHbie ou4yu4eHi/m npn BBefleHnn Mm, 

- HM3Kaa TOHHOCTb nonaAaHMa ManyneHMn b 
6MonorMHecKM aKTMBHyio TOHKy , 

- noTepM CBeTOBOM SHeprMM, nepeAaBaeMOM 
ot na3epa k onTMHecKM npo3paHHbiM urnaivi. 

B KanecTBe npoTOTMna Bbib~MpaeTca 
ycTpoMCTBO Ana na3epHOM TepanMM (3aaBKa N 
63-34745, (i^noHMa), kti. A 61 H 39/00, onyon. 
12.07.88. YcTpoMCTBO BKnionaeT b ce6a 
noriynpoBOAHMKOBbiM na3ep (MHcjDpaKpacHoro 
AMana30Ha), 3aKpennaeMbiPi Ha MeTannMHecKOM 

OCHOBaHMM, KOTOpoe COeAMHeHO C pe3MHOBblM 

oannoHOM. B MeTanriMHecKOM OCHOBaHMM 
MMeeTca KaHan Ana BcacbiBaHMa B03Ayxa. K 
ocHOBaHMio co CTopoHbi na3epHoro A^OAa 
npMKpennaeTca CMeHHbiM KOHyc, no3BoraioLL^MM 
ycTaHaBJiMBaTb Tpe6yeivioe paccTO^HMe Me>KAy 
o6ryHaeMbiM opraHOM m noriy n poboah m KOBbi m 
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na3epoM. 

B npoTOTMne pa6onafl nacTb ycTpoMCTBa 
npeACTaBJiaeT co6om MeTaririMHecKoe 
ocHOBaHMe, b kotopom 3aKpenneH 
noriynpoBOAHMKOBbiM na3ep; OTAeneHHoe ot 
noBepxHocTM KO>KHoro noKpoBa nerioBeKa 

CMeHHbiM KOpnyCOM, n03BOJlfllOLI4MM 

ycTaHaBJiMBaTb Tpe6yeMoe paccTO^HMe Me>KAy 
o6riyHaeMbiM opraHOM m na3epoM. KpenneHMe 
pa6oneM nacTM ocyLnecTBfifieTCfl 3a cneT 
pa3ps>KeHMfl B03Ayxa BHyTpM KOHyca, hto 
o6ecneHMBaeTCfi pe3MHOBbiM 6annoHOM, 
3aKpenrieHHbiM CBepxy MeTanriMHecKoro 
OCHOBaHMM m KaHana b OCHOBaHMM Ana 
BcacbiBaHMfl B03Ayxa. 

Mcnorib30BaHMe b KanecTBe MCTOHHMKa 
M3fiyHeHMa nonynpoBOAHMKOBoro na3epa He 
no3BoriaeT M3MeH?iTb i_\BeT o6jiaHaioLJ4ero 
M3nyHeHMa, He no3BonaeT o6riyHaTb HecKoribKO 
6MonorMHecKM aKTMBHbix ToneK M3fiyHeHMeM 
pa3HMHHoro cneKTpanbHoro cocTaBa. OopMa 
paSoneM nacTM ycTpoMCTBa He no3BonaeT 
npoM3BOAMTb ynnoTHeHMe ©MoriorMHecKOM TKaHM 
b MecTe BXOAa M3nyHeHMa b Teno nai^MeHTa m 
noBbiiuaTb 3a cneT 3Toro rny^MHy 

npOHMKHOBeHMfl M3JiyHeHMSR, T.K. OCHOBaHMe c 

saKpenneHHbiM Ha hom na3epoM yAaneHO ot 
noBepxHocTM KO>KHoro noKpoBa Ha paccToaHMe, 
onpeAen^eMoe BbicoTOM KOHyca. 

Ljerib M3o6peTeHMfl - noBbiujeHMe 
3cjDc|DeKTMBHOCTM fieneHMfl 3a CHeT o6riyHeHMa 
OAHOBpeMeHHO SMonorMHecKM aKTMBHbix ToneK 
mjim 3oh M3JiyHeHueM pa3JiMHHoro cneicrpanbHoro 
cocTaBa m yBeriMHeHMa rriySMHbi npoHMKHOBeHMa 
M3nyHeHMa b Teno nai^MeHTa 6e3 yBenMHeHMa 

MOU4HOCTM MCTOHHMKa M3nyMeHM^. 

riocTaBneHHaa u,enb AOCTMraeTcn TeM, hto b 
ycTpoMCTBe Ana peqbneKCOTepanMM, 
BKmonaioLi^eM b ce6a 3aKpennaeMbie Ha Tene 
nai^MeHTa pa6oHMX oneMeHTOB, coAepxamMX 
mctohhmk M3nyHeHMa, sneKTpMHecKM 
coeAMHeHHbiM c otiokom nMTaHMa m ynpaBneHMa, 
Ka>KAbiM pa^oHMM aneMeHT CHa6>KeH BbinymioM 
Manora6apMTHOM nMH30M M3 

CBeTocpMnbTpyioLL^ero MaTepMana c nonocTbio, b 
kotopom pacnono>KeH mctohhmk M3nyneHMa. flnn 

nOBblLUeHMa SCpCpeKTMBHOCTM Mcnonb3QBaHMa 

CBeTOBOM SHeprMM, Bbipa6aTbiBaeMOM 

MCTOHHMKOM M3nyHeHMa, Ha nOBepXHOCTb nMH3bl, 

He npMneraiomeM k Teny nauMeHTa HaHeceHO 
OTpa>KaioLAee noKpbiTMe. flononHMTenbHO 
noBbicMTb scjDcjDeKTMBHOCTb neneHMa no3BonaeT 
Mcnonb30BaHMe nepecTpaMBaeMoro no nacTOTe 

M3nyHeHMf1 MCTOHHMKa M3nyHeHMfl. 

ABTopaMM He o6Hapy>KeHO Mcnonb30BaHMe 
npeAno>KeHHoro Tex h m h ecKO ro pemeHMa 3aAaHM 
b pecf>neKCOTepanMM Ana noBbiujeHMa 
3cf)c)DeKTMBHOCTM neneHMa, cneAOBaTenbHO, 
npeAno>KeHHoe ycTpoMCTBO Ana 
pec^neKCOTepanMM cooTBeTCTByeT KpMTepMio 
"cy^ecTBeHHbie OTnHHua". 

H3 (MeAMUMHCKOM) npaKTMKM 

pecjDneKCOTepanMM M3BecTHO, hto nene^HbiM 
3cf)(£eKT AOCTMraeTca npM B03AeMCTBMM Ha 

6MOnorMHeCKM aKTMBHyiO TOHKy 

MrnoyKanbiBaHMeM, MexaHMHecKMM A^BneHMeM 
(aKynepccypa, Macca>K), TennoM MnM xonoAOM, 
sneicrpuHecKUM tokom, M3nyneHneM onTMHecKoro 
AMana30Ha (CBeTOM) pasnMHHoro cneKTpanbHoro 
cocTaBa. 

npM neneHMM MeTOAOM MrnoyKanbiBaHMa, b 
saBMCMMOCTM ot 3a6oneBaHMa m b npoi^ecce 
neneHMa, OAHOBpeMeHHOMy B03AeMCTBM hd 
noAnexaT HecKonbKO 6MonorMHecKM aKTMBHbix 
ToneK (ao AseHaAi^aTM), hto noBbiiuaeT 
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OCtxfceKTHBHOCTb JIBHeHMfl no CpaBHBHUHD C 
B03fleMCTBHeM Ha OAHy TOHKy. ripH 3TOM 

ncnorib3yeTC5i KaK B036y>KAajoLnee 
(cTMMynnpyhDLL^ee), TaK m ymeTaioL^ee 
(TopM03flinee) B03fleCicTBne Ha 6nonornHecKH 
aKTMBHbie tohkh, hto AOCTuraeTca npnivieHeHMeM 
urn, H3roTOBneHHbix M3 pa3JiMHHbix MeTannoB 
(nnaTMHbi, 3onoTa, cepeo"pa n t.a) pa3nnHHoi?i 
TOnil^MHbl n AnnHbi. 

Mcnonb30BaHne nmoTepannn 
conpoBO>KflaeTCfl phaom HeraTHBHbix qbaKTopoB, 

K KOTOpbIM MO>KHO OTHQCTM! 

- HapyujeHne KO>KHoro noKpoBa m KaK 

CJieACTBUe, B03MO>KHOCTb MHcj^tiunpoBaHMn, 

- pa3pyujeHne 6nojiornHecKnx TKaHeM npn 
MHoroKpaTHOiwi BBefleHnn urn m oahm h re >Ke 

TOHKM, 

- HenpnaTHbie OLnyLLLeHHH, 

- TpyflHOdb TOHHoro nonaAaHMfl b 
6nonornHecKM aKTMBHyfo TOHKy , 

- ncnojibsoBaHne AoporocTO^Li^nx urn 
(>KenaTeribHO MHflMBMAyaribHbi), 

- Tpe6yeTcs BbicoKa* KBajincjDMKau.n^ Bpana, 
npoBOA^mero urnoyKanbiBaHne. 

Kpyr nai^neHTOB, npMb'erafom.MX k 3TOMy 
acfccfceKTHBHOMy MeTOfly neneHna b HacTOflLi^ee 
BpeMfl cyxaeTca M3-3a bo3mo>khoctm 

MHCjDMI^MpOBaHMfl pa3J1HHHblMM BMpycaMM, HTO 

CTHMynnpyeT noncK anbTepHaTMBHbix MeTOflOB v\ 

yCTpOMCTB B03fleMCTBMfl Ha ©MOflOrMHeCKH 
aKTMBHbie TOHKM (MOAMCjDMKaLJMM KTiaCCMHeCKOM 

aKynyHKTypbi). 

OflHUM M3 TaKMX MeTOflOB flBnfleTCfl 

cf)OTope0neKCOTepannfi, ocHOBaHHaa Ha 
B03AeMCTBMH n3nyHeHMfl onTMHecKoro 
Anana30Ha 5 KaK b OTAenbHOCTM, TaK m b 
coneTaHMM c ApyrMMM MeTOAaiwn B03AeMCTBMfl 
Ha 6nojiornHecKM aKTMBHbie tohkh (aKynpeccypa, 
TepMonyHKTypa, ToneHHbiM m nMHeMHbiM Macca>K 
m t.A-)- H3nyHeHne onTMHecKoro AMana30Ha 
pa3riMHHoro cneKTparibHoro cocTaBa OKa3biBaeT 
pa3fiMHHoe BO3AeM0TBne Ha oonynaeMyHD 
6nonornHecKM aKTMBHyhD TOHKy. Cmhmm h 
3eneHbM cbst OKa3biBaeT yrHeTafOLU.ee 
(TopM03fli_Li,ee) B03AeMCTBMe, a KpacHbiM CBeT y 
B036y>KflaK)iJ4ee (cTMMynMpyioLiiee). Ka>KAoe M3 

3THX B03AeMCTBMM, K3K B OTAeflbHOCTH, T3K H 
COBOKynHOCTH n03BOJ1f1K3T AOCTHTHyTb 

neneGHoro sqbqbeKTa (KpioK A.C. Moctobhmkob 
B.A., Xoxjiob M.B. TepaneBTMHecKaa 
3cf»c)DeKTHBHOCTb HH3KOMHTeHCHBHoro na3epHoro 
M3JiyHeHMfl, Mmhck, HayKa v\ TexHMKa, 1986. IX.) 

Bbi6"op cneKTpajibHoro Anana30Ha, 
B03AeMCTByjoii^ero M3nyneHMfl mokbt 6biTb 
ocHOBaH Ha oahom M3 cneflyKomMx npuHi^nnoB, 

B 3aBMCMMOCTH OT OCOO"eHHOCTeM 

cf)H3nonornHecKoro B03AeMCTBMH Toro nnn MHoro 
i^BeTa, 

- B COOTBeTCTBMM C TeCTOM JlHDLLJepa, 

B COOTBeTCTBMH C TpaAMLJMOHHblMM 

npeACTaBneHH^MM boctohhom MeflML^UHbi, 

- B 3aBHCHMOCTH OT my6HHbl npOHMKHOBeHUfl 

M3nyHeHH?i. 

BuojiornHecKH aKTMBHbie tohkm HaxoAflTca 
Ha HeKOTopoM rny^MHe ot noBepxHOCTM KO>KHoro 
noKpoBa. nny6nHa mx 3aneraHMfl aoxoamt ao 
HecKonbKnx caHTMMeTpoB (8-7 cm). 

rnyGnHa npoHMKHOBeHMfl M3JiyHeHM?i b 

SHOJIOrMHeCKMe TOHKM 3aBMCMT OT AnMHbl BOJIHbl 

M3nyHeHMfl \a c ee yBeriMHeHMeM b bmammom 
AMana30He B03pacTaeT. HanSojibiueM 
npoHMKaraii^eM cnoco6HOCTbto b onTunecKOM 
Anana30He oSnaAaeT m h c|d pa KpacH oe M3JiyHeHne 
c AnMHOM BoriHbi 1 mkm m M3nyHeHMe KpacHoro 
i^BeTa BMflMMoro Anana30Ha (ripne3>KeB A.B., 
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TyHMH B.B., LLIySoHKMH Jl.n. J1a3epHafl 
AnarHOCTMKa b 6nonornn n MeAMi4HHe: M: HayKa, 
1989). npM ynnoTHeHMM 6MonorMHecKOM TKaHM 
rnyo"i/iHa npoHMKHOBeHM?i M3JiyMeHM?i 
3HaHMTeribHO B03pacTaeT (AcKapbflH T.A. 

B03M0>KH0CTb yCMJieHMfl npOHMKHOBeHMfl 

M3ny«-ieHMfl nepe3 MyTHbie cpeAbi 3 M 3 l~lpenpMHT 3 
1982, N 59). 

B 3aflBJ1fleMOM yCTpOMCTBe KOHCTpyKI^Mfl 

pa6oneM nacTM ycTpoficTBa coctout H3 CMeHHbix 
pa6oHMX aneivieHTOB, 3aKpenrifleMbix Ha rene 
nai^MeHTa. Kax<AbiM paSonuM sneivieHT 
npeACTaBn^eT co6om mjim coAep>KMT b ce6e 
Manora6apnTHyK) BbinyKnyio JiMH3y M3 
CBeToctpMribTpyroLi^ero MaTepMana c nonocTbto, b 

KOTOpOM pa3MeLHeH MCTOHHMK M3fiyHeHMfl. 

Pa6oHne sneivieHTbi, o6ecneHMBaHDU4ne 

CjDMKCaUjMK) MCTOHHMKOB M3JiyHeHM3 M MaKCMMyM 

M3nyHeHM3 b HanpaBJieHMM 6MonornMecKM 

3KTMBHOM TOHKM MJIM 3QHbl B MeCTe 3aKpenJieHMfl 

paSonero sjieivieHTa, saKpenri^ioTC^ c noMOLAbfo 

JiecjDKOnJiaCTblp?! B 30HaX HaK0>KH bix npoeKL4MM 
Bbi6paHHbix ToneK hjim 30H. 

TaKa^ KOHCTpyKU,M?i pa6oneM nacTM 
ycTpoMCTBa no3Bon^eT noBbicMTb 

SCjDCjDeKTMBHOCTb JieHeHM5q 33 CHeT 
OAHOBpeMeHHOrO B03AeMGTBM?1 Ha HeCKOJIbKO 
SMOnorMHeCKM aKTMBHblX TOHeK MJIM 30H 

M3nyHeHMeM Tpe6yeivioro cneKTparibHoro 
cocTaBa, KaK OAHoro KaKoro-nM6o L4BeTa, TaK m 

pa3J1HHHblMM KOM6MHai4M5qMM U,BeTOB. 

BbinyKnafl cfcopiua noBepxHOCTM pa6onero 
sneivieHTa, npMnerajoLnero k Tery nau,MeHTa, 
oSecneHMBaeT p,a>Ke npM HeGonbUJOivi A^BneHMM 
b HanpaBiieHMM o6nyHaeMOM tohkm aKynyHKTypbi 
(sto AOCTMraeTca npM cjDMKcau.MM pa6onero 
snewieHTa neMKonnacTbipeM, noflCKOM "c 
jiMnyHKOM" m Ha>KaTMeM Ha paooHMM sjieivieHT) 
ynnoTHeHMe SMonorMHecKOM TKaHM b MecTe 
BXOAa M3nyneHMfl. 3to no3BOJi5ReT yBejiMHMTb 
rny6MHy npoHMKHOBeHMfl HM3K03HepreTMHecKoro 
M3fiyHeHM^ b Teno nau,MeHTa m yBeriMHMTb noTOK 

M3JiyHeHM5q Ha 6MOJ10rMHeCKM aKTMBHyHD TOHKy 

6e3 yBeriMHeHM^ mou4hoctm MCTOHHMKa 
M3nyHeHM^, a TaioKe OKa3bisaTb B03AeMCTBMe Ha 
rny6oKO 3aneraiou4Me GMonorMHecKM aKTMBHbie 

TOHKM, AO KOTOpblX B o6bMHblX yCJIOBMfIX M npM 
HCnOJlb30BaHMH M3BeCTHblX 

cjDOTOTepaneBTMHecKMX ycTpoMCTB, M3nyneHMe 
npaKTunecKM He aoxoahjio, hto oco6eHHO Ba>KHO 

npM B03AeMCTBMM Ha ©MOnorMHeCKM aKTMBHbie 

tohkm M3nyHeHMeM CMHero m 3eneHoro CBeTa, 
KOTopoe o6naAaeT HeBbicoKOM npoHMKaioLneM 
cnoco6HOCTbio. 

Hcnorib30BaHMe mctohhmkob M3nyHeHM5i 
nepecTpaMBaeMbix no nacTOTe M3nyHeHMfl (no 
LjjBeTy) AonoriHMTeribHO noBbiiuaeT 

3Cf)CJpeKTMBHOCTb JieHeHMS^ 

peqbneKCOTepaneBTMHecKoro ycTpoMCTBa. l~lpM 

3TOM B03AeMCTBMM Ha ©MOJlOrMHeCKM aKTMBHbie 

tohkm M3JiyHeHMeM onpeAeneHHoro i4BeTa 
ocyLAecTBrifieTcyi He 3a cneT CMeHHbix 
ManoraSapMTHbix jimh3 M3 CBeTocipMnbTpytoLLJ.ero 
MaTepMana, a nyTeM noAaHM Ha 
nepecTpaMBaeMbiM no nacTOTe M3nyneHM?i 

MCTOHHMK M3fiyHeHMfl COOTBeTCTByiOLHerO 

sneKTpuHecKoro curHana ynpaBneHMfl. 

Ha cJdmt.1 M3o6pa>KeH npeAnaraeivibiM 
paSoHMM sneiweHT pecjDneKCOTepaneBTMHecKoro 
ycTpoMCTBa, coAep>Kau4MM Bbinyxnyio nnH3y 1 , 
BbinoriHeHHyfo M3 CBeToclDMnbTpyHDLLJ.ero 
MaTepMana, BHyTpM nMH3bi MMeeTca nonocTb 2, 
b kotopom pacnono>KeH mctohhmk M3nyneHM5i 3, 
sneKTpMHecKM coeAMHeHHbiM c 6noKOM 4 
nMTaHMfl m ynpaBneHMfl. Ha noBepxHOCTb 5 
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nnH3bi 1 , He npunerafOLnyK) npn ycTaHOBKe k 
Teny naijMeHTa HaHeceHO OTpa>Kafomee 
noKpbiTue 6. ripn ncnorib30BaHMH 
Majiora6apnTHbix nnH3 An* yAoScTBa nx 
KpenneHMfl riMH3a 1 MoweT 3aKpenn?iTbCfl b 
onpaBe 7, kbk noKa3aHO Ha qbwr.2. 

Yctpomctbo Ana peqbneKCOTepanMM 
paSoTaeT cneAyKDii^MM o6pa30M. 

ComacHO peKOMeHAai^MAM Bpana Bbi6npafOT 
6kioriorMHecKH aKTMBHbie tohkm mjim 30Hbi Ha 
Tene nau,neHTa, Ha KOTopbie HeooxoAMMO 
OKa3aTb B03AeMCTBne, nopflAOK B03p,e\ACTBV\n n 
MeTOA B03AewcTBHfi. Bbi6npafOT i4BeT 
M3nyHeHHfl, B03AeficTByioLnero Ha Ka>KAyK> 
Bbi6paHHyio TOHKy nnn 30Hy. YcTaHaBnMBaKvr 
cooTBeTCTBytoii^ne pa6oMne sneMeHTbi 1 Ha 
Bbi6paHHbie 6nonornMecKH aKTMBHbie tohkm nnn 
30Hbi. Ha nynbTe 6noKa 4 ynpaBneHna n 
nuTaHMn ycTaHaBJiMBafOT ypoBeHb 

MHTeHCMBHOCTM H3fiyHeHHfl B03AeMCTByJOLL4erO 

Ha TOHKy mjih 30Hy, MHTepBan BpeMeHM 

BO3AeM0TBM^, pe>KMM pa60Tbl MCTOHHMKOB 

M3nyHeHHjq 3 (HenpepbiBHbiM, 

MMnynbCHblM-CMHClDaSHbIM, 

MMnyribCHbiM-npoTHBOc)Da3HbiCi 3 6erymefi BoriHbi 

M T.fl.) 

riocjie ycTaHOBKH Ha nynbTe 6noKa 4 
ynpaBJieHun n nuTaHMn HeooxoAMMoro pe>KHMa 
pa6oTbi M3JiyHaTeneM noAaeTCfl KOMaHAa 
Hanana pa6oTbi. l~lpoi4ecc oojiyneHMfl 
SkionornHecKM aKTMBHbix ToneK mjim soh m mx 
nocneAOBaTejibHOCTb ocymecTBnfleTCfl 

aBTOMaTMHeCKH. nop^AOK BKJltOHeHHfl 

mctohhmkob 3 M3nyneHMfl onpeAenaeTca 
nporpaMMMpyeMbiM KOMMyTaTopoM, nporpaMMa 
pa6oTbi KOToporo ycTaHaBriMBaeTcn Ha nynbTe 
6noKa 4 ynpaBJieHna. 

riocrie OKOHH3HM51 3aAaHHOM nporpaMMbi 

paSOTbl MCTOHHMKOB 3 M3JiyHeHMfl 

QbopMMpoBaTerib MHTepBana BpeivieHM 
Bbipa6aTbiBaeT CMman, oSecneHMBafOLUMM 

OTKTlfOHeHMe nMTaHM?! OT MCTOHHMKOB 3 

M3nyHeHMfl. 3aTeM paooHMe sneweHTbi 1 
CHMMahDT c KO>KHoro noKpoBa, nocne nero 
npoi^eflypa mokot 6biTb ocymecTBneHa Ha 
ApyrMX ynacTKax Tena. 

B KanecTBe mctohhmkob M3nyneHMfl b 
npeAnoxeHHbix pa^oHMX aneivieHTax MO>KeT 
6biTb McnoribsoBaHa, HanpMMep, 

CBepxMMHMaTtopHan naMna HaKanMBaHMfl 
CMH-6-80-2. B KanecTBe nepecTpaMBaeivioro 

MCTOHHMKa M3nyHeHMfl MO>KeT Cfiy>KMTb 

cjDoccjDMAorariMeBbiM anMTaKCMaribHbiM 
AByxnepexoAHOM nonynpoBOAHMKOBbiM 
KpMCTanr. LjBeT M3JiyHeHM?i TaKoro KpMCTanna 

33BMCMT OT BeJIMHMHbl 3JieKTpMHeCKOrO TOKa, 

npoTeKajoLi^ero nepe3 Ka>KAbiM nepexoA 
KpucTanna, m mo>kgt M3MGHfiTbc?i ot 3eneHoro ao 
KpacHoro UBeTa, nepeKpbiBaa TaKMM o6pasoM 
noHTM Becb BMAMMbiM Anana30H (3a 
MCKTitoHeHMeM ci/iHero L4BeTa). 

CBeTocjDMfibTpyK)LJ4MM MaTepManoM Arm 
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jiMH3bi MO>KeT cnyxMTb, HanpMMep, i^BeTHoe 
opraHnnecKoe CTeKno. MaTepnanoM Ana onpaBbi 
riMH3bi iwo>KeT cny>KMTb 36ohmt, cfToponnacT, 
opraHMHecKoe CTeKno m mm noAoo~Hbie 
MaTepMaribi. OTpa>KaKDU4ee noKpbiTMe Ha 

nOBepXHOCTM J1MH3bl MO>KeT 6blTb M3rOTOBJieHO 

MeTOAOM HanbineHMa MeTanna, HanpMMep, 

aJIHDMMHMfl. 

TaKMM o6pa30M, npeAnoweHHafl 
KOHCTpyKi^Mfi pa6oneM HaCTM yCTpOMCTBa 
BbinoriH^eT oflHOBpeMeHHO cj3yHKi4MM: 

- onTMHecKoro aneMeHTa, ocyw.ecTBrifliom.ero 
cneKTparibHyfo cjDMfibTpai4MK) M3nyHeHMfi (porib 
CBeTO($MJibTpa) atis nojiyneHMfi M3JiyHeHMfl 
Tpe6yeMoro i^BeTa, 

- onTMHecKoro 3neMeHTa, ocyu^ecTBri n torero 
cjDopMMpoBaHMe nyHKa M3nyHeHMfl 3 
no3BOJiflJOLi^ero yBexiMHMTb CBeTOBOM noTOK b 
HanpaBfieHMM oenynaeMOM 6MoriorMHecKM 

aKTMBHOM TOHKM (pOflb CO^MpafOLAeM J1MH3bl) a 

npM HaHeceHMM OTpaxaKDinero noKpbiTM^ m porib 
OTpa>KaTerm, cjDOKycMpyfOLnero M3nyHeHMe b 
HanpaBJieHMn 6nojiornHecKH aKTMBHOM tohkm, 

- ynnoTHMTerifl GMonorMHecKOM TKaHM b 
MecTe 3aKpenneHM?i paoonero aneMeHTa, hto 
o6ecneHMBaeT noBbiujeHMe rny6MHbi 

npOHMKHOBeHMS M3JiyHeHMfl m yBeriMHeHMfl 

noTOKa MsnyneHMfl, naAafomero Ha o6nyHaeMyK) 

TOHKy, 

- Aep>KaTeJ15R MCTOHHMKa M3JiyHeHHf1. 

cDopwiyna M3o6peTeHMfl: 

1 . YcTpoMCTBO Ana pecjDJieKCOTepanMM, 
BKTiHDHaHDLi^ee saKpenrifleMbiM Ha Tene nai^MeHTa 
paSoHMM aneMeHT, coflep>KaL^MM mctohhmk 
M3nyneHMa, sneKTpMHecKM CB5R3aHHbiM c 6noKOM 
nMTaHM^ m ynpaBneHM5R, OTnMHajoii^MMC?i TeM, 

HTO, C U,enbJO nOBblLLieHM^ 3C|DC)DeKTMBHOCTM 

neneHMfl 3a cneT o6nyneHMfl OAHOBpeMeHHO 

6MOnorMHeCKM aKTMBHblX TOHeK MnM 30H 

M3nyneHMeM pa3nMHHoro cneKTpanbHoro 
cocTaBa m yBenMHeHMfl rny^MHbi npoHMKHOBeHMfi 
M3nyneHM5i b Teno nai4MeHTa 6e3 yBenMHeHM^ 

M0U4H0CTM MCTOHHMKa M3nyHeHM^, OHO 

AononHMTenbHO CHa6>KeHO N paSoHMMM 
aneMeHTaMM, Ka>KAbiM M3 KOTopbix BbinonHeH 
CMeHHbiM m b BMAe BbinyKnoM Manora6apMTHOM 
nMH3bi M3 CBeToqbMnbTpyHDLi^ero MaTepMana c 
nonHOCTbto, b KOTopoM pacnono>KeH mctohhmk 
M3nyneHM5q. 

2. Yctpomctbo no n.1, OTnMHajoLAeecfl TeM, 

HTO, C L^enbKD nOBblLlieHMfl SCjDCjDeKTMBHOCTM 
MCnonb30BaHMfl CBeTOBOM 3HeprMM, 

Bbipa6aTbiBaeMOM mctohhmkom M3nyHeHM?i, Ha 
noBepxHOCTb nMH3bi, He npMneraroi^yK) k Teny 
nai^MeHTa, HaHeceHO OTpa>KafOLnee noKpbiTMe. 

3. Yctpomctbo no n.1, OTnMHajoLneec?i TeM, 
hto mctohhmk M3nyneHMfl BbinonHeH 
nepecTpaMBaeMbiM no nacTOTe M3nyHeHMfl, a 
CBeTOQbMnbTpytoLL^MM MaTepMan npo3paneH b 
AMana30He nacTOT nepecTpoMKM MCTOHHMKa 
M3nyneHM5i. 



o 

00 

00 
CM 
CM 



O 



60 



-5- 




-6- 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A61B 17/36 



Al 



(11) International Publication Number: WO 00/02491 

(43) International Publication Date: 20 January 2000 (20.01.00) 



(21) International Application Number: PCT/IL99/00374 

(22) International Filing Date: 7 My 1999 (07.07.99) 



(30) Priority Data: 

60/092,225 



9 July 1998 (09.07.98) 



US 



(71)(72) Applicants and Inventors: HARTH, Yoram [IL/IL]; Nor- 
dau Street 35, 33 124 Haifa (IL). KORMAN, Avner [IL/IL]; 
Hadar Street 55, 46326 Herzlia (IL). 

(74) Agent: BIT AN, PEARL, LATZER & COHEN-ZEDEK; Gav 
Yam Center 2, Shenkar Street 7, 46725 Herzlia (IL). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, 
GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KB, KG, 
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZA, 
ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, 
NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: APPARATUS AND METHOD FOR EFFICIENT HIGH ENERGY PHOTODYNAMIC THERAPY OF ACNE VULGARIS 
AND SEBORRHEA 




(57) Abstract 

This invention is an apparatus, and method for the phototherapy of different skin conditions, particularly acne vulgaris, and seborrhea. 
The invention consists of a combined treatment with violet/blue light source (13) with a spectral emission in the range of 405 nanometor 
to 440 nanometer, possible additional spectral bands in the green, the red part of the spectrum, and the topical application of oxygen 
transporting compounds, and/or a methylene blue solution. The apparatus includes at least one narrow spectral band light source with 
spectral emitting concentrated in the violet/blue spectral band, and an optical system for controlling spectra, beam parameters of said light 
source (13), a mechanical fixture (9) for holding said light source (13) at an adjustable distance, the direction related to the skin treated 
area, an electronic unit (40) to control the duration, the power, and spectral bands of the emitted radiation. 
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APPARATUS AND METHOD FOR EFFICIENT HIGH ENERGY 
PHOTODYNAMIC THERAPY OF ACNE VULGARIS AND SEBORRHEA 

FIELD AND BACKGROUND OF THE INVENTION: 

The present invention relates to an apparatus and method for the 
5 photodynamic therapy treatment of acne vulgaris and seborrhea and, more 
particularly, to a violet/blue light radiating system that illuminates a collimated 
narrow bandwidth beam on the treated skin area. The method relates to the 
combined photodynamic skin treatment including narrow band violet/blue light 
radiation and topical application of oxidative and/or keratolytic agents. 
10 The enlargement and obstruction of sebaceous glands cause acne 

vulgaris. Due the accumulation of sebum in the glands, bacteria, mainly 
propionibacterium acnes (p. acnes), proliferate in the glands. These bacteria cause 
inflammation and later the formation of pustular lesions and acne cysts, which heal 
by scarring. 

15 It is known that p. acnes produce porphyrins. It is also known that visible 

light in the violet/blue (405-410 nanometer range), or less efficiently, red (630-670 
nanometer range) are able to induce a photodynamic effect in which the 
porphyrins in the enlarged sebaceous glands react with oxygen to form peroxides. 
These peroxides are short-lived toxic compounds that are able to eliminate, or 

20 considerably diminish, the number of bacteria in the glands. 

Photodynamic therapy (PDT) is based on the optimal interaction of 4 
elements; light, photosensitizer, oxygen and skin penetration. Prior patents and 
publications related to acne phototherapy dealt only with the first two elements of 
PDT, i.e., and light exposure and sebaceous gland porphyrins. Studies have 

25 shown that the photodestruction of p. acnes is increased exponentially in an 
oxygen rich environment. 

Various attempts have been made to treat acne with light; Mendes et al. 
(US patent 5,549,660) described a method for the light therapy of acne using low 
intensity red light. Their apparatus was meant to treat acne through it effect on 

30 macrophages in the skin. In contrast to the present invention its low light intensity 
is not sufficient for an efficient photodynamic destruction of p. acnes in the deeper 
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layers of the skin. High intensity visible light phototherapy for acne was described 
by Meffert et al., (Dermatol-Monatsschr. 1990; 176(10): 597-603) but they used a 
light source emitting not only visible light but also UVA comprising up to 15-20% of 
the total irradiation dose. Sigurdsson et al (Dermatology 1997; 94:256-260). used 
5 Philips HPM-10 400W combined with an UVILEX 390- filter (Desag. Germany) that 
filters most but not all ultraviolet A (UVA) harmful rays. The spectrum of their lamp 
peaked at 420 nanometer and had 2 other small peak of emission at 405 and 435 
nanometer. Their apparatus emitted at 40 cm; 0.5J/cm 2 of UVA, 20 Jcm 2 /of 
violet/blue and 5 J/cm 2 of green light. 

10 There is thus, a widely recognized need for, and it would be highly 

advantageous, to have a way to practice the enhanced photodynamic 
therapeutical effect of the combined violet/blue radiation with oxidant or oxygen 
transporting agents skin treatment by the use of an apparatus and a method to 
establish these improved treatment healing effects. 

15 Methylene blue is a dye used parentally for treatment of 

methemoglobinemia in newborns and topically for disinfecting of skin. In vitro and 
in vivo studies have shown that Methylene blue may be activated by light to induce 
a photodynamic reaction. Methylene blue was used for the inactivation of herpes 
virus helicoabacter pillory and for the experimental therapy of skin bladder and 

20 esophageal cancers. We claim that our method of photodynamic therapy using 
may also be enhanced by adding an external photosensitizing agent such as 
methylene blue in a concentration of 0.1-5%. 
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SUMMARY OF THE INVENTION 

Basic science research has shown in vitro that the viability of p. acnes 
relates inversely to light intensity and to oxygen levels to which the p. acnes are 
exposed. Sigurdsson et al achieved with their apparatus 30% reduction of the total 
5 severity of acne and particularly 49% reduction of the number of pustules. The rate 
of success can be drastically improved by adding and penetrating oxygen to the 
skin daily and / or immediately before skin exposure to high intensity violet/blue 
light 

According to the present invention there is provided an apparatus and a 

10 method with improved selectivity and efficiency of acne phototherapy by the use of 
a specially designed violet/blue and possibly additional spectral line light source, 
combined with a pre-treatment application on the treated skin area of an oxygen 
transporting compounds based on the use of one or more of the materials from the 
group of compounds consisting of perfluorocarbons, oxidative substances, 

15 keratolytic substances and external photosensitizer such as methylene blue 0.1-5 
%. The apparatus for photodynamic treatment of at least one skin disorder from 
the group consisting of acne and seborrhea according to the present invention, 
including: (a) at least one light source with spectral emittance concentrated in at 
least one specific narrow spectral band, wherein one spectral band is in the range 

20 of 405 to 440nm; (b) An optical system for collecting and shaping the emitted light 
of at least one light source; and (c) An electronic unit to control at least one of the 
parameters from the group consisting of the duration, power and emitted spectral 
bands of the light source emittance. 

According to further features in the preferred embodiments of the present 

25 invention, the apparatus also includes; a mechanical fixture for holding the light 
source at an adjustable distance and direction related to the skin treated area. 

According to further features in the preferred embodiments of the present 
invention the apparatus also includes; at least one of a group consisting of a liquid 
filled light guide and a fiber bundle lightguide, as an integral part of the optical 

30 system, for collecting and conducting the said light source radiation and 
illuminating the skin treated area at an adjustable distance, energy density and 
direction. 
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According to still further features in the preferred embodiments of the 
present invention, the apparatus at least one light source is a specially designed 
Gallium and Lead halides gas mixture discharge lamp with peak emission in the 
405-440nm spectral band. 
5 According to still further features in the preferred embodiments of the 

present invention, the apparatus at least one light source is an Ion Krypton gas 
laser with a spectral emission in the range 405 to 440nm. 

According to still further features in the preferred embodiments of the 
present invention, the apparatus at least one light source is at least one diode 
10 selected from the group consisting of violet/blue laser diodes and light emitting 
diodes (LED) with narrow spectral band emission in the range 405-440nm. 

According to still further features in the preferred embodiments of the 
present invention, the apparatus light source is any combination of the light 
sources included in the previously described embodiments. 
15 According to still further features in the preferred embodiments of the 

present invention, the light of the at least one light source is collected by an 
elliptical cross-section cylindrical reflector. 

According to still further features in the preferred embodiments of the 
present invention, the light of the at least one light source is collected by a elliptical 
20 cross-section cylindrical reflector and further collimated by a set of two orthogonal 
cylindrical lenses. 

According to still further features in the preferred embodiments of the 
present invention, the light of the at least one light source is collected by a elliptical 
cross-section cylindrical reflector and is collected at its second focal point by a slit 
25 shape input aperture of a slit to circular beam shaping and conducting fiber bundle. 

According to still further features in the preferred embodiments of the 
present invention, the light of the at least one light source is collected by a 
parabolic cross-section cylindrical reflector. 

According to the present invention there is provided a method of treating 
30 acne vulgaris and seborrhea with light radiation source having spectral 
characteristics of at least one of a group of narrow spectral bands consisting of 
violet/blue (405-440nm), red (630-670) and green (520-550nm) light, combined 
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with the application of at least one compound selected from a group consisting of 
topical oxygen transporting perfluoroocarbon and oxidative agent and keratolytic 
agent and methylene blue solution. The method including the steps of: (a) 
application of the at least one compound to the treated skin area; (b) Illuminating 
5 the treated skin area with the light radiation source; and (c) at least one additional 
exposure after a time gap of at least 24 hours. 

According to further features in the preferred embodiments of the present 
invention, there is provided a method of treating acne vulgaris and seborrhea with 
a high intensity light source, having at least one narrow band violet/blue spectral 

10 radiation, combined with the application of at least one compound selected from a 
group consisting of topical oxygen transporting perfluoroocarbon and oxidative 
agent and keratolytic agent and methylene blue solution. The method including the 
steps of: (a) illuminating the treated skin area with the light source having a narrow 
bandwidth emittance within the wavelength band of 405-440nm filtered for 

15 ultraviolet/blue under 400nm; (b) concentrating and directing the light on the skin 
by an optical system and a mechanical fixture; (c) daily and\or pretreatment 
application of at least one compound selected from the compound group; and (d) 
1-5 weekly exposure to violet/blue light for typically 2- 10 weeks, with minimum 24 
hours time gap between exposures. 

20 According to still further features in the preferred embodiments of the 

present invention, there is provided a method of treating acne vulgaris and 
seborrhea with a high intensity light source, having at least two narrow radiation 
bands one violet/blue light and one red light, combined with the application of at 
least one compound selected from a group consisting of topical oxygen 

25 transporting perfluoroocarbon and oxidative agent and keratolytic agent and 
methylene blue solution. The method including the steps of: (a) illuminating the 
treated skin area with the light source having a narrow bandwidth emittance within 
the wavelength band of 405-440nm filtered for ultraviolet/blue under 400nm and a 
second wavelength band emittance of 630-670 nanometer range (red); (b) 

30 concentrating and directing the light on the skin by an optical system and a 
mechanical fixture; (c) daily and\or pretreatment application of at least one 
compound selected from the compound group; and (d) 1-5 weekly exposure to 
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violet/blue light for typically 2- 10 weeks, with minimum 24 hours time gap between 
exposures. 

According to still further features in the preferred embodiments of the 
present invention, there is provided a method wherein the radiation is concentrated 
5 and projected on the acne afflicted area with an illumination power in the range of 
10mW/cm2 to 500mW/cm2 of violet/blue light radiation. 

According to still further features in the preferred embodiments of the 
present invention, there is provided a method wherein the concentration of 
hydrogen peroxide in the applied compound is 1-10% by weight and the 
10 concentration of salicylic acid is 1-10% by weight. 

According to still further features in the preferred embodiments of the 
present invention, there is provided a method wherein the at least one material 
selected from the group of oxidative and keratolytic compounds is applied either 
daily or immediately before light exposure. 
15 According to still further features in the preferred embodiments of the 

present invention, there is provided a method wherein the oxidative and/or 
keratolytic compound is within a material selected from the group consisting of a 
liposome and a positively-charged submicron emulsion. 

According to still further features in the preferred embodiments of the 
20 present invention there is provided a method wherein the oxidative and/or 
keratolytic compounds is in a propylene glycol 10-50% base. 

According to still further features in the preferred embodiments of the 
present invention, there is provided a method wherein the oxidative compound is a 
oil in water emulsion mixed with molecular oxygen that is sprayed continuously on 
25 the skin before or during light exposure. 

According to still further features in the preferred embodiments of the 
present invention, there is provided a method wherein the methylene blue 0.1-5% 
in distilled water or gel base is applied to the skin before or during light exposure. 

The proposed method successfully addresses the shortcomings of the 
30 presently known treatment methods and related experimental system 
configurations. The proposed method provides a new method to enhances in a 
substantial way the efficiency of the suggested photodynamic therapeutical effect, 
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by increasing significantly the oxygen pressure in the sebaceous glands through 
the use of oxygen transporting compounds based on perfluorocarbons and/ or 
oxidative emulsions. The proposed method also enhances light and compound 
penetration into the skin using translucent gels and keratolytic agents. It also 
5 provide a way to increase the photodestruction of p. acnes by providing high 
intensity monochromatic light exactly matching the optimal action spectrum of the 
photosensitizes 

In contrast to the light sources used previously by Meffert and Sigurdsson 
the present invention apparatus presents a major advance towards the goal of 

10 using phototherapy to effectively and safely treat acne and seborrhea, the 
proposed apparatus emits high intensity non-coherent light in the exact narrow 
spectral band needed for the activation of the photodynamic reaction flittering the 
harmful UV light. This narrow and specific wavelength range radiation enables the 
administration of sufficient intensity of light to the deeper layers of the dermis 

15 without excessive heat formation in the epidermis. The required spectral band is 
emitted by the present invention light source for the photodynamic destruction of p. 
acnes in the acne sebaceous glands. 

in vitro research (Malik Z, Nitzan Y, Harth Y, Korman A. to be submitted 
for publication) showed that exposure to the proposed apparatus achieves a 

20 decrease in propionibacterium acnes from 10 9 to <10 4 after two 30, 60 minutes 
exposures separated by 72 hours of dark incubation, (figure 6). 

In vitro studies show that the destruction of p. acnes may be further 
enhanced by adding methylene blue 0.5% to the broth prior to irradiation. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is herein described, by way of example only, with reference 
to the accompanying drawings, wherein: 

FIG. 1 is a schematic front and side view illustrations of one embodiment 
5 of the photodynamic treatment apparatus according to the present invention. 

FIGS. 2A and 2B are schematic side view and front view illustrations 
respectively of the illumination head unit, the same embodiment of the present 
invention apparatus wherein the illumination unit head structure is based on a 
violet/blue light source of a gas discharge lamp; 
10 FIGS. 3A and 3B are schematic elevational and bottom views 

respectively of the light source unit in the apparatus of Fig. 1, in an embodiment 
wherein the illumination unit structure is based on a circular array of LED's, or laser 
diodes, emitting a narrow spectral band red light illumination component, the array 
is integrated on the perimeter of a parabolic cross-section reflector, in the focal 
15 point of which is situated a high illumination intensity, narrow spectral band, 
violet/blue light gas discharge light source; 

FIG. 4 is a schematic bottom view illustration of the present invention 
violet/blue light source, in another preferred embodiment, wherein the illumination 
unit structure is based on a two dimensional array of LED's, or laser diodes, 
20 emitting a preferred narrow spectral band violet/blue light illumination component, 
the two dimensional array can also include any spatial distribution combination of 
violet/blue narrow spectral band emitting laser diodes or LED's, together with red 
light LED's, or laser diodes emitting in the preferred red spectral band; 

FIG. 5 illustrates a typical spectral distribution of the light energy emitted 
25 by the present invention dedicated violet/blue light source, in the embodiments 
wherein the light source is a gas discharge lamp; 

FIG. 6A - 6C illustrate another set of an additional three preferred 
embodiments of the illumination head in the apparatus according to the present 
invention, wherein all these embodiments are based on the application of a single 
30 axis elliptical cross-section cylindrical reflector, in the first focal point of which is 
fitted the illuminating gas discharge lamp arc. The image of the gas discharge light 
source arc is created in the second focal point of the elliptical reflector and can be 
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then directly used for object illumination, or collected and further conducted by a 
fiber optic slit to circular beam shaping bundle, or collected and reshaped by a 
dedicated set of two orthogonal cylindrical lenses, to optimally conduct and 
coliimate the light energy on the patient's treated skin areas; and 
5 FIG. 7 illustrates the results of the proposed apparatus, laboratory 

controlled tests on p. acne, showing a decrease in propionibacterium acnes in 4-5 
orders of magnitude, after two 30, or 60 minutes exposures separated by 72 hours 
of dark incubation. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is of an apparatus, which can be used for 
photodynamic treatments in phototherapy. Specifically, the present invention can 
be used for the non-invasive treatment of acne vulgaris and seborrhea, thereby 
5 enabling treating various parts of the patient's body with ability to control the 
illumination power, energy spatial distribution, exposure duration and illumination 
source emittance spectral bands. 

The principles and operation of the apparatus for phototherapy treatment 
according to the present invention may be better understood with reference to the 
10 drawings and the accompanying description. 

Referring now to the drawings, Fig 1 is a schematic front and side view 
illustration of the photodynamic treatment apparatus according to the present 
invention, which is referred to herein below as system 25. 

System 25 includes a violet/blue light source fixture 13, which can be 
15 moved repositioned and directed to the treated patient specific skin area by 
adjustment unit 15. It can also be lifted up or lowered down in order to change the 
effective radiated energy flux on the treated area, by using pole unit 7 and handle 
8. The apparatus light source is mounted on a mechanical arc shaped fixture 6 for 
holding and supporting the light source at an adjustable distance and direction 
20 related to the patient's treated skin area. The apparatus mechanical fixture 9 
allows horizontal, vertical and radial placement and directing of light beam 21 from 
the light unit 13 to the patient's treated part of the body. 

Unit 17 is a schematic presentation of an air blower or a fan that serves to 
cool and remove access heat from the treated skin area. Units 18 and 19 are 
25 mechanisms to adjust required position of unit 17. 

Unit 5 is a control board for the apparatus enabling control of lamp power, 
illumination duration, air cooling operational parameters and general on/off and 
mains control functions. 

Units 4 and 20 are a structural element and a balancing weight to stabilize 
30 the apparatus in a vertical up-right position. Unit 3 is a mechanical axis around 
which the entire apparatus arc shaped structure 6 can be rotated and refitted in 
any required horizontal angular position related to the treated patient bed 22. 
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Wheel 2 and pole 1 are elements required to move and refit the position of 
the apparatus according to the operational needs of the system operator. 

Light source fixture 13 of consists of a lamp or a laser light source that 
emits violet/blue light with a peak at 405-420nm. Close to a hundred percent of the 
5 light source ultra violet/blue light (UV) is filtered out by an integrated optical 
system. The required narrow spectral emission band of violet/blue light source is 
radiated by the present patent dedicated arc lamp due to a special gas mixture 
within the lamp, or by a gas laser source, or by a violet/blue light emitting 
semiconductor diode junction. The above light sources in a single source type 

10 embodiment, or in a combination of two or three type of light sources, allows 
optimal violet/blue light radiation with or without additional narrow spectral band 
lines in the red or green parts of the spectrum. The present invention light source 
enables the minimization of heat production at the treated target to a max. of 23 
degrees Celsius on the epidermis at 30-40 cm. A mechanical shutter 12 in front of 

15 the light source 13 may be used to exactly define the treated area. 

Figures 2A and 2B are schematic side and front view illustrations of the 
illumination head unit 13 according to the present invention, referred to herein 
below as system 28. 

Illumination system 28 includes a filter unit 121 for filtering out the radiated 

20 energy spectral part which is out of the preferred specific bandwidth in the 
violet/blue and/or the red spectrum, as previously described in the above 
background paragraph of the invention. Unit 111 is a set of four mechanical flaps 
with a control knob 112 and a pivoting axis 110 that create together an adjustable 
aperture iris unit to control the size and collimation parameters of system 28 

25 radiated light beam. U shaped arm 114 holds and supports the illumination unit 
housing 113. Unit 109 enables rotation of the system 28 around vertical pivot axis 
107 and to lock it in the preferred rotational angle. Unit 115 enables changing 
position by sliding and further fixing in a preferred position system 28 along the 
apparatus support arc 106. Unit 115 also enables sliding system 28 up or down 

30 and then fixing its position. Unit 122 is an optional mechanical support housing and 
a lens for focusing and concentrating the system 28 illumination beam on a smaller 
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area of the treated skin, thus creating a higher light energy flux whenever required 

for a specific treatment. 

Figures 3A and 3B are schematic elevational and bottom view of another 

preferred embodiment of the present invention lighting head unit 13 of the 
5 apparatus described in figure 1, referred to herein below as system 30. 

System 30 includes a housing unit 31 and a reflector 32 having preferably 

a parabolic vertical cross section. The gas discharge lamp 33 is assembled into 

reflector unit 32 in a way that fixes the center of the lamp illumination arc in the 

focal point of the reflector. Lamp 33 is a specially designed Gallium and Lead 
10 halides gas mixture discharge lamp with peak emission in the 405-430 spectral 

band. 

Unit 34 is a circular array of red emission LED's or red light laser diodes 
installed around the aperture perimeter of the reflector unit 33. 

Figure 4 is a schematic illustration of another preferred embodiment of the 
15 present invention lighting head unit 13 of the apparatus described in figure 1, 
referred to herein below as system 40. 

System 40 includes a housing unit 42 and a two-dimensional array of 
LED's, or laser diodes 41, emitting a narrow spectral band violet/blue light 
illumination component. These semiconductor solid state light sources can be GaN 
20 or ZnSe components. The two-dimensional array can also include narrow spectral 
band red light LED's, or laser diodes, emitting in the preferred red spectral band. 
Unit 43 is a mechanical structure for attaching system 40 to the apparatus of figure 
1. 

Figure 5 illustrates a typical spectral distribution of the light energy emitted 
25 by the present invention dedicated violet/blue gas discharge lamp based light 
source, before further spectral optical filtration is done, in the embodiments 
wherein the light source is a gas discharge lamp. 

Figure 6A. is a schematic cross section illustration of one of a set of three 
possible preferred embodiments of the present invention lighting head unit 13 of 
30 the apparatus described in figure 1, the first possible embodiment is referred to 
herein below as system 50. Light source head embodiment of system 50 consists 
of a housing 51 that supports an arc lamp, or a line beam shape laser light source 
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52 that emits violet/blue light with a peak at 405-420nm. The light source is fixed in 
the first focal point 54 of an elliptical cross section shape reflector 53. The energy 
emitted out of the preferred spectral band reflected by the elliptical shaped reflector 
and is imaged as a line source at its second focal point 55. From the secondary 
5 focal point the beam is diverging at a small angle and creates an oval shaped 
illumination area 81 of typical size 20X10 cm. at a convenient treatment distance of 
40 cm. from the lamp housing exit aperture. The non violet spectral part of the light 
source emission is rejected and filtered out by filter unit 56 and the lamp housing is 
sealed by tempered glass window 57 possibly coated with a heat mirror layer for 

10 the protection of the patient against heat and explosion. The required narrow 
spectral emission band of violet/blue light source is radiated by the present 
invention dedicated arc lamp due to a special gas mixture within the lamp, or by a 
violet/blue light emitting semiconductor diode junction array. The above light 
sources in a single source type embodiment, or in a combination of two or three 

15 type of different spectral emission bands light sources alternative embodiment, 
allows optimal violet/blue light radiation with, or without additional narrow spectral 
band lines in the red or green parts of the spectrum. 

Figure 6B. is a schematic cross section illustration of a second possible 
preferred embodiment of the present invention lighting head unit 13 of the 

20 apparatus described in figure 1, the second possible embodiment is referred to 
herein below as system 60. Light source head embodiment of system 60 consists 
of a housing 61 that supports an arc lamp, or a line beam shape laser light source 
62 that emits violet/blue light with a peak at 405-420nm. The light source is fixed in 
the first focal point 64 of an elliptical cross section shape reflector 63. The energy 

25 emitted out of the preferred spectral band reflected by the elliptical shaped reflector 
and is imaged as a line source at its second focal point 65. In the secondary focal 
point the beam is entering a slit shape fiber bundle aperture, matching the size and 
shape of the imaged light line at this point. 68. At the exit circular aperture 67 of 
this fiber bundle the emerging light is diverging at a typical 40 degrees angle and 

30 creates a circular shaped illumination area while its size and consequently the 
illumination power density can be controlled by changing the distance from the exit 
fiber end 67 to the patient treated skin area. The non violet spectral part of the 
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light source emission is rejected and filtered out by filter unit 66 and the lamp 
housing is sealed by a cover window 69. The above light sources in a single 
source type embodiment, or in a combination of two or three type of different 
spectral emission bands light sources alternative embodiment, allows optimal 
5 violet/blue light radiation with, or without additional narrow spectral band lines in 
the red or green parts of the spectrum. 

Figure 6C. is a schematic cross section illustration of a third possible 
preferred embodiment of the present invention lighting head unit 13 of the 
apparatus described in figure 1 , the third possible embodiment is referred to herein 

10 below as system 70. Light source head embodiment of system 70 consists of a 
housing 71 that supports an arc lamp, or a line beam shape laser light source 72 
that emits violet/blue light with a peak at 405-420nm. The light source is fixed in 
the first focal point 74 of an elliptical cross section shape reflector 73. The energy 
emitted out of the preferred spectral band reflected by the elliptical shaped reflector 

15 and is imaged as a line source at its second focal point 75. After passing through 
in the secondary focal point 75 the beam is entering a set of two cylindrical lenses 
76 and 77, which are orthogonal oriented in respect of their linear axis. At the exit 
of this lens system aperture 78 a close to a circular light illumination area is 
created of typical size 20X20 cm. at a convenient treatment distance of 40 cm. 

20 from the lamp housing exit aperture. The non violet spectral part of the light source 
emission is rejected and filtered out by filter unit 79 and the lamp housing is sealed 
by a cover window 80. The above light sources in a single source type 
embodiment, or in a combination of two or three type of different spectral emission 
bands light sources alternative embodiment, allows optimal violet/blue light 

25 radiation with, or without additional narrow spectral band lines in the red or green 
parts of the spectrum. 

FIG. 7 illustrates the results of the proposed apparatus laboratory 
controlled tests on p. acne showing a decrease in propionibacterium acnes 10 9 to 
<10 4 after two 30 and 60 minutes exposures separated by 72 hours of dark 

30 incubation. 

The method according to the present invention improves the present art 
treatment methods in a major way by adding oxygen transporting compounds 
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based on perfiuorocarbons and/or oxidative and /or keratolytic agent, daily and or 
immediately pretreatment. The proposed oxygen transporting agents i.e., 
perfiuorocarbons lipophilic emulsion, release nascent oxygen directly into the 
sebaceous glands achieving a 76% 0 2 environment as compared to the 
5 atmospheric 20%. The proposed oxidative agents i.e., emulsion or gel of H 2 0 2 
1-10%, release by contact with the enzyme cathalase present in the skin nascent 
oxygen. The specific formulations of the emulsion or gel prevent the upward 
release of the oxygen and cause a short temporary inward pressure of up to 15 
Atm. of 0 2) penetrating to the sebaceous situated in the deeper layers of the skin. 

10 The oxygenation of the skin during the phototherapy process raises the 

efficiency of the desired photodestruction of p. acnes and thus decreases of acne 
lesion number and severity. Added keratolytic agent (i.e. 1-5% salicylic acid) to the 
applied formulation will enhance diffusion of 0 2 into the sebaceous glands. Cooling 
of the applied emulsion or gel minimizes the heat in the epidermis thus allowing a 

15 further increase of the light intensity in the sebaceous glands. 

It is to be understood that the invention is not limited in its applications to 
the details of construction or drawings. The invention is capable of other 
embodiments, or of being practiced or carried out in various ways. Also, it is to be 
understood that the phraseology and terminology employed above is for the 

20 purpose of description and should not be regarded as limiting. While the invention 
has been described with respect to a limited number of embodiments, it will be 
appreciated that many variations, modifications and other applications of the 
invention may be made. 

25 
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CLAIMS 

1 . An apparatus for photodynamic treatment of at least one skin disorder from 
the group consisting of acne and seborrhea, comprising: 

(a) at least one light source with spectral emittance concentrated in 
5 at least one specific narrow spectral band, wherein one spectral band is 

in the range of 405 to 440nm; 

(b) An optical system for collecting and shaping the emitted light 
of said at least one light source; and 

(c) An electronic unit to control at least one of the parameters from 
10 the group consisting of the duration, power and emitted spectral bands 

of said light source emittance. 

2. The apparatus of claim 1 . further comprising: 

a mechanical fixture for holding said light source at an adjustable 
distance and direction related to the skin treated area. 

15 3. The apparatus of claim 1 . further comprising: 

at least one of a group consisting of a liquid filled light guide and a 
fiber bundle lightguide, as an integral part of said optical system, for 
collecting and conducting said light source radiation and illuminating the 
skin treated area at an adjustable distance, energy density and 

20 direction. 

4. The apparatus of claim 1, wherein said at least one light source is a 
specially designed Gallium and Lead halides gas mixture discharge lamp 
with peak emission in the 405-440 spectral band. 

5. The apparatus of claim 1, wherein said at least one light source is an Ion 
25 Krypton gas laser with a spectral emission in the range 405 to 440nm. 

6. The apparatus of claim 1, wherein said light source is at least one diode 
selected from the group consisting of violet/blue laser diodes and light 
emitting diodes (LED) with narrow spectral band emission in the range 
405-440nm. 

16 
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7. The apparatus of claim 1, wherein said light source is any combination of 
the light sources included in claims 4, 5 and 6. 

8. The apparatus of claim 1, wherein the light of said at least one light source 
is collected by an elliptical cross-section cylindrical reflector. 

5 9. The apparatus of claim 1 , wherein the light of said at least one light source 
is collected by a parabolic cross-section cylindrical reflector. 

10. The apparatus of claim 8, wherein the light of said at least one light source 
is collected and further collimated by a set of two orthogonal cylindrical 
lenses. 

10 11. The apparatus of claim 8, wherein the light of said at least one light source 
is collected at its second focal point by a slit shape input aperture of a slit 
to circular beam shaping and conducting fiber bundle. 

12. A method of treating acne vulgaris and seborrhea with light radiation 
source having spectral characteristics of at least one of a group of narrow 
15 spectral bands consisting of violet/blue (405-440nm), red (630-670) and 

green (520-550nm) light, combined with the application of at least one 
compound selected from a group consisting of topical oxygen transporting 
perfluoroocarbon and oxidative agent and keratolytic agent and methylene 
blue solution. The method comprising the steps of: 
20 application of said at least one compound to the treated skin area; 

Illuminating the treated skin area with said light radiation source; 

and 

at least one additional exposure after a time gap of at least 24 
hours. 

25 13. A method of treating acne vulgaris and seborrhea with a high intensity light 
source, having at least one narrow band violet/blue spectral radiation, 
combined with the application of at least one compound selected from a 
group consisting of topical oxygen transporting perfluoroocarbon and 
oxidative agent and keratolytic agent and methylene blue solution. The 

30 method comprising the steps of: 
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illuminating the treated skin area with said light source having a 
narrow bandwidth emittance within the wavelength band of 405-440nm 
filtered for ultraviolet/blue under 400nm; 

concentrating and directing the light on the skin by an optical 
5 system and a mechanical fixture; 

daily and\or pretreatment application of at least one compound 
selected from said compound group; and 

1-5 weekly exposure to violet/blue light for typically 2- 10 weeks, 
with minimum 24 hour's time gap between exposures. 

10 14. A method of treating acne vulgaris and seborrhea with a high intensity light 
source, having at least two narrow radiation bands one violet/blue light and 
one red light, combined with the application of at least one compound 
selected from a group consisting of topical oxygen transporting 
perfluoroocarbon and oxidative agent and keratolytic agent and methylene 
15 blue solution. The method comprising the steps of: 

illuminating the treated skin area with said light source having a 
narrow bandwidth emittance within the wavelength band of 405-440nm 
filtered for ultraviolet/blue under 400nm and a second wavelength band 
emittance of 630-670 nanometer range (red); 
20 concentrating and directing the light on the skin by an optical 

system and a mechanical fixture; 

daily and\or pretreatment application of at least one compound 
selected from said compound group; and 

1-5 weekly exposure to violet/blue light for typically 2- 10 weeks, 
25 with minimum 24 hours time gap between exposures. 

15. A method of treating acne vulgaris and seborrhea with in accordance to 
claim 12, wherein the radiation is concentrated and projected on the acne 
afflicted area with an illumination power in the range of 10mW/cm2 to 
500mW/cm2 of violet/blue light radiation. 
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16. The method according to claim 12, wherein the concentration of hydrogen 
peroxide in the applied compound is 1-10% by weight and the 
concentration of salicylic acid is 1-10% by weight. 

17. The method according to claim 12, wherein at least one material selected 
from the group of oxidative and keratolytic compounds is applied daily. 

18. The method according to claim 12, wherein the material selected from the 
group of oxidative and keratolytic compounds is applied immediately before 
light exposure. 

19. The method according to claim 12, wherein the material selected from the 
group consisting of oxidative and keratolytic compounds is cooled. 

20. The method according to claim 12, wherein the material selected from the 
group consisting of oxidative and keratolytic compounds is in an aqueous 

gel. 

21. The method according to claim 12, wherein the material selected from the 
group consisting of oxidative and keratolytic compounds is in oil in water 
emulsion. 

22. The method according to claim 12, wherein the oxidative and/or keratolytic 
compound is within a material selected from the group consisting of a 
liposome and a positively charged submicron emulsion. 

23. The method according to claim 12, wherein the oxidative and/or keratolytic 
compounds is in a Propylene glycol 10-50% base. 

24. The method according to claim 12, wherein the oxidative compound is a oil 
in water emulsion mixed with molecular oxygen that is sprayed 
continuously on the skin before or during light exposure. 

25. The method according to claim 12, wherein methylene blue 0.1-5% in 
distilled water or gel bases is applied to the skin before or during light 
exposure. 
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THERMAL PLATFORM AND METHOD 
Background of the Invention 

I. Field of the Invention 

The present invention relates generally to temperature control devices, and more particularly to precision thermal 
5 platforms used for testing and/or conditioning electronic or other components. 

II. Description of the Related Technology 

Thermal platforms are well known in the component testing and conditioning field. Such platforms are designed 
to accomplish a variety of testing and conditioning functions, including generally 1) maintaining a uniform temperature 
(either above or below ambient) of a component for a given period of time; and 2) ramping the temperature of a component 

10 up or down at a given rate, often to comparatively extreme temperatures. Such platforms are especially well adapted to 
conditioning components with flat thermally conductive surfaces (such as silicon wafers or semiconductor die). 

Since manufacturer's ratings for such components are in part derived from thermal testing and conditioning, it is 
essential that the test equipment (in this case the thermal platform) accurately create and maintain the desired temperature 
profile during testing/conditioning across the entire component or population of components. For example, great economies 

1 5 of scale can be realized by testing or conditioning an entire 8 inch (200 mm) silicon wafer having many distinct die across 
its width at one time, as opposed to addressing each die individually. However, such economies can only be realized where 
the thermal platform can maintain sufficient temperature control (e.g., minimal variation) across the entire wafer. A 
temperature gradient of even a few degrees could potentially result in "overconditioning" or even thermally induced failure 
of certain die, depending on where and how the temperature is measured. Alternatively, incomplete conditioning or 

20 exposure may result for other die. During testing, electrical measurements of the components taken under such 
circumstances may be inaccurate or not representative of the true performance of the device at the target temperature or 
rate of temperature change. 

Existing prior art thermal platforms have attempted to maintain a desired temperature (or rate of temperature 
change) with a high degree of accuracy through the combined use of electrical heating elements and cryogenic (or 

25 mechanical) refrigeration. However, as shown in the exemplary configuration of Figure 1 , such prior art systems have been 
unable to achieve a highly uniform temperature (e.g., low temperature gradient) across the platform surface due to uneven 
heating and cooling of this surface. This uneven heating and cooling stems largely from the uneven distribution of coolant 
(liquid nitrogen, carbon dioxide, or other refrigerant) with respect to the platform test surface. Specifically, as shown in 
Figure 1, a small number of comparatively large coolant distribution lines have been used, with little consideration as to 

30 their placement in relation to the test surface. Furthermore, such lines provide a high coolant flow rate (required to provide 
the cooling needs of the entire platform/surface area), thereby causing significant temperature gradients throughout the 
platform due to uneven coolant distribution and thermal lag (e.g., lag time in transferring heat from a remote portion of the 
platform to a colder region local to a coolant distribution line). The coolant flow rate from such lines is uneven, since the 
lines are of different lengths, tortuosity, and diameter, thereby resulting in different flow resistances (head loss). 

35 Additionally, such prior art distribution lines do not provide for direct impingement or spray of the coolant onto the bottom 



WO 00/03257 PCT/US99/15609 

-2- 

of the test surface which helps minimize undesired latency (thermal lag and temperature excursions) and significant spatial 
temperature gradients. 

Based on the foregoing, an improved thermal platform is needed which maintains a high degree of thermal 
control, e.g., both minimal variation around the desired or target temperature, and controllability during temperature 
ramping, as well as a minimum temperature gradient across the platform test surface. Such a platform would ideally be of 
sufficient size and construction to permit the testing or conditioning of a broad array of components. 

Summary of the Invention 

The present invention satisfies the aforementioned needs by providing an improved thermal platform having a 
novel coolant distribution and retrieval system and method of operating the same. 

In a first aspect of the invention, a thermal platform having a specially shaped internal cavity and plurality of 
coolant distribution penetrations is disclosed. A series of identical high pressure coolant lines distribute the coolant from a 
central supply manifold to respective ones of the aforementioned penetrations, the latter forming an array within the 
bottom of the thermal platform housing so as to distribute coolant evenly to the entire top surface of the platform. 
Uniform coolant distribution is further accomplished via the ends of the high-pressure lines, which form nozzles within the 
cavity such that the coolant flowing out of the lines impinges directly on the bottom side of the platform top surface. 
Liquid/gaseous phase coolant is returned to the coolant supply via a series of low-pressure return ports also located in the 
bottom of the thermal platform housing. Precise temperature control of the top surface is further maintained through the 
use of a plurality of heating elements which are immediately adjacent to the top surface. 

In another aspect of the invention, a method of maintaining a highly uniform temperature across the top surface 
of the aforementioned thermal plate is disclosed. Coolant is injected into the cavity of the platform using the array of high- 
pressure distribution lines at a rate determined by a temperature controller, while one or more of the heating elements are 
energized in order to maintain the platform temperature (or rate of temperature increase/decrease) constant. 

Brief Description of the Drawings 

Figure 1 is a perspective view of a prior art thermal platform. 

Figure 2a is an exploded bottom perspective view of a first embodiment of the thermal platform of the present 
invention, showing the upper and lower housing elements, plurality of coolant distribution and return lines, and heater 
elements. 

Figure 2b is a detail perspective view of a high pressure distribution line nozzle fitting installed on the thermal 
platform of Figure 2a. 

Figure 2c is a bottom plan view of the array of coolant distribution and return penetration in the bottom plate of 
the thermal platform of Figure 2a. 

Figure 3 is a cross-sectional view of the thermal platform of Figure 2a (fully assembled) taken along line 3-3. 

Figure 4 is a cross-sectional view of the coolant distribution manifold of the thermal platform of Figure 2a. 

Figure 5a is bottom perspective view of a second embodiment of the thermal platform of the present invention 
having a cylindrical housing. 
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Figure 5b is plan view of the bottom plate of the thermal platform of Figure 5a showing the relative location of 
the coolant distribution and return penetrations. 

Figure 5c is a plan view of the top surface of the thermal platform of Figure 5a, showing the relative locations of 
the radial heater element recesses. 
5 Figure 6a is a bottom perspective view of a third embodiment of the thermal platform of the present invention. 

Figure 6b is a plan view of the top surface of the thermal platform of Figure 6a, showing the relative location and 
angle of the coolant nozzles. 

Detailed Description of the Preferred Embodiments 
Reference is now made to the drawings wherein like numerals refer to like parts throughout. 

1 0 Description of Thermal Platform Apparatus 

A first embodiment of the thermal platform of the present invention is shown in Figure 2a. The thermal platform 
100 is comprised in part of a housing 102 which consists of two housing elements, e.g., upper housing element 104, which 
has a flat upper surface (not shown), and lower housing element 106, which has a flat lower surface. These elements 
104, 106 are mated together (as described further below) to form a sealed interior cavity 108. Although square in cross- 

15 section in the present embodiment, it can be appreciated that the shape and size of the housing 102 (including, inter alia, 
the depth of the cavity 108 and the number of individual housing elements 104, 106) may be varied depending on the 
particular application. See, for example, the discussion of Figures 5a-5c and 6 below. A plurality of penetrations 134 are 
provided in array fashion (Figure 2b) in the bottom surface 1 12 of the lower housing element 106 to permit the insertion of 
high pressure coolant distribution lines 1 14 therein. The coolant lines 1 14 are of equal length, diameter, and construction 

20 so as to provide essentially identical coolant flow to the various penetrations 134. The lines 1 14 are further connected to 
a common distribution manifold 116 which ports high pressure coolant from a coolant source (not shown) to each of the 
distribution lines 1 14. Each of the cooling lines 1 14 is mated to the lower housing element 106 via a threaded compression 
fitting 136, 140 (Figure 2c) or any suitable joint which permits leak-tight coolant flow. Note that while the present 
embodiment utilizes a total of twelve (12) high pressure lines 114 and associated penetrations, any number of lines and 

25 penetrations which accomplish the desired level of temperature uniformity and control within the platform 100 may be 
used. 

Referring now to Figure 3, the embodiment of Figure 2 is described in additional detail. The upper and lower 
housing elements 104, 106 are comprised of walls 120 which bound the cavity 108 on its sides, as well as an upper (top) 
plate 122 and lower (bottom) plate 124 which bound the cavity from above and below, respectively. The cavity shape and 

30 dimensions are preferably chosen so as to provide a suitable cavity volume (and refrigerant mass) as well as the most 
efficient and uniform heat transfer from the top plate 122 to the coolant. In the present embodiment, the cavity cross- 
sectional shape matches that of the top plate (e.g., square) for this reason. The top plate 122 has an upper surface 126 
which is substantially planar (flat) in the present embodiment and sized so as to permit the maximum degree of physical 
contact between the components to be tested and the upper surface. Furthermore, the top plate 122 has a number of 

35 elongated cylindrical recesses 130 formed therein and oriented parallel to the upper surface 126 for receiving one or more 
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heater elements 132 (described further below). The bottom plate 124 and top plate 122 are substantially parallel to one 
another as well, as shown in Figure 3. 

Both the upper and lower housing elements 104, 106 (including the walls 120, top plate 122, and bottom plate 
124) in the embodiment of Figures 2 and 3 are preferably constructed from a highly thermally conductive metal. One 
5 preferred material is aluminum alloy due to its comparatively light weight, good thermal response and stability, and ease of 
machining; however, other materials having desirable properties may be substituted. Small surface ridges or diffusion 
patterns (see Figure 2a) on the inner surfaces 125 of the housing elements 104, 106 can optimally be used to increase the 
surface area of the plates 122, 124 and aid in refrigerant diffusion so as to make heat transfer more efficient. 

Referring again to Figure 3, the mating surfaces 126 of the upper and lower housing elements 104, 106 are 

10 machined to permit a smooth, uniform fit and to facilitate sealing. In the present embodiment, the upper and lower 
elements 104, 106 are welded together to form a seal between the wails 120 of each, although it can be appreciated that 
other methods of joinder and sealing (such as brazing, threaded fasteners with gaskets, external mechanical clamping 
arrangements, and adhesives) may be used with equal success. A plurality of threaded penetrations 134 are 
machined into the bottom plate 124 of the lower housing element 106 to receive threaded compression fitting studs 136. 

1 5 These studs 1 36 act to guide the nozzle portions 1 38 of the high pressure lines 1 1 4 through the penetrations 1 34 and align 
them properly when the platform 100 is assembled. A compression fitting cap 140 threadedly engages each respective 
stud 1 36, and captures the line shroud 1 42 between the inner surface of the cap 1 40 and the end of the stud 1 36 so as to 
form a leak-tight compression fit between the cap 140, stud 136 and shroud 142 when the cap 140 is mechanically 
tightened. The line shroud 142 is further welded or brazed to its respective high pressure line 1 14 to complete the seal 

20 between the cavity 1 08 and the atmosphere. An elastomeric or polymer thread sealant (such as L0CKTITE tm brand sealant 
or TEFL0N tm tape) may be used if desired to ensure the adequacy of the seal between the threads of each stud 1 36 and its 
respective penetration 134. 

When the high pressure lines 1 14 and associated nozzles 138 are assembled into the bottom plate 124 as shown 
in Figure 3, the nozzles 138 protrude somewhat above the upper surface 146 of the lower plate 124, and are oriented 

25 vertically within the cavity 108 so as to impinge coolant directly onto the lower surface 148 of the top plate 122 if 
desired. The nozzles 138 in the present embodiment are constructed by simply continuing the high pressure lines 1 14 into 
the cavity 108, although it can be appreciated that other nozzle configurations (such as an orifice of different diameter 
than that of the associated high pressure line 1 14) may be used to accomplish the desired functions of coolant distribution 
and spray. Note also that the present invention contemplates the use of nozzles 138 of varying height within the cavity 

30 108 to effect more even coolant distribution under certain circumstances, such as where the lower surface of the top plate 
122 is curved or of irregular shape. 

Also attached to the bottom plate 124 of the lower housing element 106 are a plurality of low-pressure coolant 
return lines 164 (shown in Figure 2). These lines are larger in diameter than the high-pressure lines to reduce flow 
resistance (head loss). These return lines are attached to the lower element 106 via standard pipe or compression fittings 

35 (such as those previously described) which are installed in a series of perforations 165 located at the gravity low point of 
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the platform. This location facilitates the return or disposal of liquid coolant which collects on the top surface 146 of the 
bottom plate 124 within the cavity 108. Furthermore, since the coolant lines are maintained at a substantially lower 
pressure than the high pressure distribution lines 114, manifold 116, and coolant source, gaseous or mixed-phase coolant 
naturally flows from the high pressure lines 114 (and associated nozzles 138) into the cavity 108, where it impinges upon 

5 the upper plate lower surface 148 and ultimately flows out the return lines 1 64. 

Further shown in Figure 3 are the heater elements 1 32 used to elevate the temperature of the top surface 1 26 of 
the test platform 100. In the present embodiment, electrical (resistive) direct current heater elements are used, such as the 
Model J97-25 manufactured by Tempco. These heater elements 132 are connected via their electrical leads 133 to an 
electrical power supply (not shown) via control logic which selectively energizes or de-energizes the elements 132. This 

10 type of heater element is chosen due to its comparatively high heat generation capacity (thermal power output), thermal 
stability, and linearity. The heater elements 132 are installed within respective recesses 130 in the upper housing element 
104, and transfer heat energy to the upper housing element 104 and upper surface 126 via conductive, radiative, and to a 
lesser degree convective heat transfer. However, it will be apparent to one of ordinary skill in the art that any number of 
different alternative heating devices and methods may be used to elevate the temperature of the platform top surface 126. 

15 For example, fluidic heaters (i.e., headers carrying a comparatively higher temperature fluid) or even laser energy could be 
used to supply heat to the top surface 126 in a controlled fashion. 

Referring now to Figure 4, a cross-section of the coolant distribution manifold 116 is shown. The manifold is 
comprised generally of a hollow cylindrical threaded metallic fitting 150 with a plurality of apertures 152 in the discharge 
end 154 of the fitting 150. A plurality of high pressure lines 1 14 terminate at respective apertures 152 in the fitting 150, 

20 where the lines 1 14 are individually joined to the fitting 150 via conventional welding or brazing techniques. The fitting 
150 is then joined via the threads 156 on the fitting to a high pressure liquid or gaseous coolant source (such as a 
cryogenic liquid nitrogen or carbon dioxide rig, or alternatively a freon- or even ammonia-based refrigeration system) which 
supplies coolant to the manifold 1 1 6 and ultimately the test platform cavity 1 08 via the high pressure lines 1 14. 

Figures 5a-5c illustrate a second embodiment of the thermal platform of the present invention. Referring to 

25 Figure 5a, a housing 102 of circular cross-section and generally cylindrical shape is shown. Such a cylindrical shape is 
especially well suited to testing and conditioning silicon wafers. The housing 102 is comprised of upper and lower housing 
elements 104, 106 each having a hollowed cylindrical cavity open at one end. When the upper and lower housing elements 
104, 106 are mated together as shown in Figure 5a, a single, fully enclosed cylindrical cavity 108 is formed. The upper 
and lower elements 104, 106 are sealed via welding, brazing, or other comparable techniques previously described. 

30 As shown in Figure 5c, a number of heater element recesses 130 are created radially (e.g., arranged in a spoke- 

like manner relative to the central longitudinal axis 160 of the platform housing 102 in a plane parallel to the top surface 
126 of the platform) within the upper portion of the upper housing element 104 above the cavity 108 to house the heater 
elements. 
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Referring again to Figure 5a, each of the nozzles 138 associated with the high pressure distribution lines 114 
project vertically upward into the cavity to a height suitable to ensure adequate coolant distribution within the cavity (and 
impingement of coolant upon the underside of the top plate 122, not shown.) 

Figures 6a and 6b show a third embodiment of the thermal platform of the present invention. The two-piece 
5 cylindrical housing 102 (with internal cavity 108) of the embodiment of Figure 5a above is generally used; however, a 
series of threaded nipples 170 are formed around the periphery 172 of the upper housing element 104 to receive respective 
high pressure distribution lines 114. The nipples 170 project generally inward toward the longitudinal axis 160 of the 
housing 102 in the horizontal plane (e.g., in the plane parallel to the top surface 126), but are canted at an angle 6 (9 being 
equal to 30 degrees from the radial direction in this embodiment, as shown in Figure 6b) for more uniform coolant 

10 distribution. In the vertical plane, the nipples 170 are oriented at a similar angle such that the nozzles 138 spray coolant 
directly on the underside of the top plate 122 at an oblique angle. While 30 degrees has been chosen for the cant angle in 
both the vertical and horizontal planes in the present embodiment, it can be appreciated that other angles (and 
combinations thereof) may be used with equal success. 

As in the other embodiments, the high pressure lines 1 14 of the thermal platform of Figures 6a-6b are mounted 

1 5 to the nipples 1 70 using standard threaded compression fittings 1 36, 140, and are of equal length from the manifold 1 1 6 
to ensure uniform coolant flow to each portion of the cavity 108. Furthermore, the radial heater element arrangement of 
the embodiment of Figure 5c is utilized wherein the heater element recesses 130 are interspersed with the nipples 170 
such that the coolant sprays into the interstitial areas on the bottom surface of the top plate 122, thereby allowing for 
uniform heat and coolant distribution. The embodiment of Figure 6 has the advantage of having a somewhat lower overall 

20 height than the embodiment of Figures 5a-5c, although the radial size (i.e., diameter) is increased somewhat. 
Method of Operation 

Referring again to Figure 2a, the thermal platform apparatus 100 disclosed above is constructed in such a 
manner as to maintain a high degree of temperature uniformity across the top surface 126. Additionally, it is desirous for 
the platform to be able to rapidly raise and lower the top surface temperature in a controlled and predictable fashion, again 

25 maintaining a high degree of uniformity across the top surface 126 at any given time. To accomplish these aims, the 
temperature of the platform is monitored and controlled (via a closed PID loop or other suitable control mechanism) such 
that the flow of coolant into the cavity 108 via the distribution line nozzles 138 and energization of the heater elements 
132 maintains the platform top surface temperature (or rate of increase/decrease) within a narrow band. In the case of a 
steady-state temperature, the heater elements 132 are periodically energized or coolant periodically admitted into the 

30 cavity (depending on the desired platform temperature and existing ambient temperature) to maintain the desired value. 
Coolant flow is adjusted by altering the pressure drop (such as with a valve or variable orifice) between the coolant source 
(not shown) and the distribution manifold 116. In the case of temperature ramping (e.g., programmed temperature 
increases or decreases over a given time interval), the heaters 132 are energized and/or coolant is admitted to maintain the 
rate of temperature change effectively constant until the desired platform temperature is reached. Input to the 

35 heater/coolant control circuitry is accomplished via one or more external thermocouples or resistance temperature 
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detectors (RTDs) of the type well known in the art (not shown), which are mounted directly onto or within the top surface 
126 of the platform. 

While the above detailed description has shown, described, and pointed out fundamental novel features of the 
invention as applied to various embodiments, it will be understood that various omissions, substitutions, and changes in the 
5 form and details of the devices illustrated may be made by those skilled in the art without departing from the spirit of the 
invention. 
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WHAT IS CLAIMED IS : 

1. A thermal platform, comprising: 
a housing having; 

walls and an upper plate; 

5 a cavity formed within said housing, said cavity bounded by said walls and said upper plate; 

at least one heating element disposed in substantial proximity to said upper plate; 
a coolant source for providing coolant at a pressure greater than that of said cavity; 
a plurality of coolant distribution lines penetrating said housing for distributing coolant from said coolant source 
within said cavity; and 

1 0 at least one coolant return line for discharging said coolant from said cavity. 

2. The thermal platform of Claim 1, wherein said housing is substantially rectangular in cross-section. 

3. The thermal platform of Claim 1, wherein said coolant distribution lines include nozzles such that said 
coolant flowing from said lines into said cavity impinges on an interior surface of said planar upper plate. 

4. The thermal platform of Claim 3, wherein said nozzles protrude above the inner surface of at least one 
15 of said walls. 

5. The thermal platform of Claim 3, wherein said nozzles penetrate said housing such that the distribution 
of coolant within said cavity is substantially uniform. 

6. The thermal platform of Claim 1, wherein said housing is further comprised of upper and lower housing 

elements. 

20 7. The thermal platform of Claim 6, wherein said upper and lower housing elements are welded together 

to form a pressure-tight seal for said cavity. 

8. The thermal platform of Claim 1, wherein said heating elements are disposed within respective 
recesses within said housing. 

9. The thermal platform of Claim 1, wherein said heating elements are electrical resistive heating 

25 elements. 

10. The thermal platform of Claim 1, wherein said coolant is a refrigerant. 

11. The thermal platform of Claim 1 0, wherein said coolant source includes a compressor and cooler. 

12. The thermal platform of Claim 1, wherein said coolant is taken from the group consisting of liquid 
nitrogen and carbon dioxide. 

30 13. The thermal platform of Claim 1, wherein said coolant flow through individual ones of said coolant 

distribution lines is varied in order to maintain precise control of the temperature gradient across said upper plate. 
14. A thermal platform housing, comprising: 

a housing body having walls and a top plate, said top plate which is at least in part substantially planar, said 
walls and top plate each having interior and exterior surfaces; 
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a cavity disposed entirely within said housing hody f said cavity bounded by said interior surfaces of said walls 
and said top plate; 

a plurality of penetrations through at least one of said walls and communicating with said cavity, said 
penetrations arranged so as to allow substantially uniform distribution of coolant within said cavity by coolant distribution 
5 nozzles installed within said penetrations. 

15. The thermal platform housing of Claim 14, wherein said housing further includes at least one recess in 
substantial proximity to said top plate for enclosing one or more heater elements. 

16. The thermal platform housing of Claim 15, wherein said penetrations are further arranged to allow 
impingement of said coolant flowing from said nozzles directly against said interior surface of said top plate. 

10 17. A method of controlling the temperature of a thermal platform, wherein said thermal platform includes 

a housing having at least one heater element, a substantially planar top plate, and cavity disposed therein, comprising the 
steps of: 

providing a plurality of coolant distribution lines connecting a coolant distribution manifold to a plurality of 
penetrations in said housing; 

15 selectively providing coolant at a pressure higher than that existing in said cavity to said manifold in order to 

induce uniform flow and distribution of said coolant from said manifold into said cavity; 
selectively energizing said heaters; 

said directing of coolant flow and energization of heaters being performed in response to a signal related to the 
temperature of said top plate so as to control said temperature as desired. 
20 1 8. The method of Claim 1 7, wherein said coolant distribution lines are substantially similar in construction 

and substantially equal in length. 

19. The method of Claim 18, wherein said coolant distribution lines include nozzles for spraying said 

coolant into said cavity. 

20. The method of Claim 17, wherein said signal is derived from a closed loop control circuit. 

25 21 . The method of Claim 1 7, wherein said step of selectively providing coolant comprises spraying coolant 

from said plurality of coolant distribution lines to impinge against a surface of said top plate located within said cavity. 

22. A method for controlling the temperature of a thermally conductive plate that has top and bottom 
surfaces, comprising the steps of: 

automatically directing substantially equivalent volumes of cooling fluid through a plurality of equally 
30 sized coolant lines of uniform length; 

cooling said plate by spraying said cooling fluid from said coolant lines to impinge against said bottom 
surface of said plate in a uniform pattern; and 

automatically heating the plate by simultaneously applying identical heating energy to uniformly spaced 
areas of said plate. 
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23. The method of Claim 22, wherein said cooling fluid is sprayed against the bottom surface of said plate 
a cavity located adjacent to said bottom surface. 

24. The method of Claim 22, further comprising the steps of: 
monitoring the temperature of said plate, and 

controlling the heating and cooling of said plate responsive to said monitoring step. 
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BACKGROUND OF THE INVENTION 

This is a continuation-in-part of U.S. Patent Application No. 08/739,801, filed on 
October 30, 1996, entitled "Method for Improved Selectivity In Photoactivation of 
Molecular Agents". 

The present invention is directed to a method and apparatus for treating pigmented 
tissues by selective photoactivation of pigments in such tissues using optical energy and 
more specifically two-photon excitation. This selective photoactivation may be used to 
effect photobleaching of such pigments or to effect photochemical conversion of such 
pigments into phototoxic products. Photobleaching reduces or eliminates undesirable 
pigmentation, for example that caused by pigments present in moles, freckles, hair follicles 
and tattoos. Photochemical conversion produces phototoxic products that destroy 
pigmented tissues, such as those pigmented tissues in pigmented tumors. The present 
invention is also directed to selective thermal destruction of pigmented tissues using 
related optical means 

Photobleaching is the transient or permanent reduction of pigmentation in 
pigmented tissues upon optical illumination, typically occurring during intense illumination 
with visible or ultraviolet light. Photobleaching occurs when photoactive pigments are 
photochemically transformed from a highly colored state to a less highly colored state (de- 
pigmentation). For example, photobleaching may be used to reduce or eliminate 
undesirable pigmentation present in moles and hair follicles or to destroy dyes present in 
tattoos. It is desired that treated tissues will exhibit localized de-pigmentation without 
side effects, such as irritation or cell necrosis. However, previous methods for 
photobleaching tissues using visible or ultraviolet light have produced undesirable 
collateral effects, including irritation of surrounding tissues and possible scarring at the 
treatment site. 

In contrast to photobleaching, photochemical conversion of pigments into 
phototoxic products involves stimulation of localized cell necrosis in treated tissues. This 
is also effected by optical illumination, typically occurring when intense visible or 
ultraviolet light is used to illuminated susceptible pigmented tissues. Such localized 
necrosis may be useful for selective destruction of diseased tissues, such as those present 
in tumors or benign skin lesions. 

More specifically, an important subset of pigmented tissues are pigmented tumors, 
such as melanomas, which are life threatening and highly difficult to treat. While 
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melanomas can be treated if detected early using standard surgical, radiation or 
chemotherapeutic methods, these methods still do not have acceptable levels of 
effectiveness and produce high levels of collateral damage to normal tissue. Hence, even 
if detected relatively early, the prognosis is usually poor. 

Further, if a melanoma has metastasized beyond the primary tumor site, less than 
20% of patients will survive beyond five years. For such melanomas, there are no 
effective therapies. Patients diagnosed with such a metastatic melanoma will survive on 
average only 3-6 months after the diagnosis even with therapeutic intervention. 

Further exacerbating the difficulties in treating melanomas is the fact that the 
incidence of melanoma in Caucasians is increasing at a rate of 6% per year. This is 
currently the second fastest rate of increase in cancer occurrences — second only to 
tobacco related cancers of the lung in women. Currently, the lifetime risk of melanoma 
in the U.S. is 1 in 75. Accordingly, new effective therapeutic modalities are required to 
treat both primary and metastatic pigmented tumors such as melanomas. 

One possible approach for treating pigmented tissues involves the use of melanins, 
their precursors, and other endogenous or exogenous pigments. 

More specifically, there are several pigments in humans that are collectively known 
as melanins. The function of melanins are to protect tissues from the deleterious effects 
of electromagnetic radiation (e.g. light). However, melanins and their precursors can also 
be converted to phototoxic products. For example, a melanin precursor (5-SCD) has been 
shown to photobind to DNA after exposure to 300 nm (ultraviolet light) illumination. 
Further, 5-SCD has been shown to be chemically unstable in the presence of ultraviolet 
(UV) illumination and oxygen, thereby suggesting that phototoxic products of the (1) 
Type I variety (phototoxic) or the (2) Type II variety (photocatalytic) may be produced. 

Additionally, many melanoma cells are amelanotic. These cells produce melanin 
precursors but only small quantities of melanin. Phototoxic damage (induction of single 
strand breaks) to DNA by at least two precursors to melanin (5-SCD and DIHCA) has 
been demonstrated upon exposure to UV light. Amelanotic cells will be killed by 
photodynamic therapy (PDT) performed on such precursors to melanin (e.g., 5-SCD, 
DIHEA). Thus, melanomas can be killed by delivering energy via light. 

However, utilization of such phototoxic reactions by illumination of melanin, 
melanin precursors, or other endogenous pigments has not previously been possible. The 
UV/Near UV light required for photoactivation is unable to penetrate into normal or 
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cancerous skin (i.e. beyond 2-3 mm.) More specifically, the poor penetration of such light 
has produced little effect on patients whose skin tumors are larger than or at a depth 
greater than 3 mm. As a result, only 40-50% of patients whose tumors exceed 3 mm will 
survive. Accordingly, the survival rate of melanoma patients with tumors whose depth 
is less than 1 mm is drastically better than those who have tumors which are either located 
at a depth of greater than 3 mm or extend to a depth greater than 3 mm. 

Previous photodynamic methods using UV/Near UV light also produced 
undesirable collateral effects that not only prohibited the photoconversion of melanin and 
prevented it from killing pigmented tissues but also was potentially dangerous to the 
patient. For example, UV light can create thymidine dimers which damage genetic 
material. DNA damage is a major and possibly the sole cause of skin cancers like 
melanomas. Melanin's absorbance of UV light is designed to prevent this from happening. 
However, UV light, chemotherapy, and ionizing radiation have recently been shown to 
increase the virulence of tumor cells. As a result, tumor cells when treated with UV light 
will have a greater mutation and error rate because the UV light can inactivate 
mechanisms designed to identify and correct genetic errors (in addition to creating new 
errors). Therefore, prior techniques were not only unable to effectively kill pigmented 
tissues by accessing endogenous pigments but also created side effects that could be lethal. 

In many instances, the effectiveness of various photodynamic processes have been 
found to be markedly increased by simultaneous photoactivation and localized heating 
(hyperthermia). Typically, by heating the treatment zone 2-1 0°C above normal 
temperatures, the effectiveness of PDT is increased many fold. Such heating alone, 
however, has not been shown to produce a significant therapeutic effect. In contrast, the 
inventors of the present invention have conceived that more acute localized heating (i.e., 
> 2-10°C temperature rise) of tissues and tissue components within the treatment zone 
may produce a therapeutic effect by causing thermal overload in the treated tissues. 

Therefore, it is an object of the present invention to provide a method for 
accessing endogenous pigments in pigmented tissues so as to be able to selectively 
photobleach said pigments. 

It is another object of the present invention to provide a method for accessing 
endogenous pigments in pigmented tissues so as to be able to photochemically convert 
said pigments into phototoxic products. 
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It is another object of the present invention to provide a method that will access 
said endogenous pigments in pigmented tissues without accessing endogenous pigments 
in healthy tissues surrounding said pigmented tissues. 

It is another object of the present invention to provide a method that will augment 
5 the effectiveness of said photochemical conversion of said endogenous pigments in said 

pigmented tissues through the localized application of hyperthermia in said pigmented 
tissues. 

It is another object of the present invention to provide a method that will 
photothermally destroy pigmented tissues without harming healthy tissues surrounding 
10 said pigmented tissues. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method and apparatus for treatment of a 

particular volume of tissue or material containing an endogenous pigment. In general, 
15 typically, the present invention uses the unique properties of simultaneous two-photon 

excitation with endogenous pigment in a particular volume of tissue, such as a tumor, to 

selectively photoactivate the pigment. 

This photoactivated pigment may thereby be photobleached or photochemically 

converted into a phototoxic product. Such photoactivation results from the simultaneous 
20 two-photon excitation of the pigment. Preferably, the photons responsible for 

photoactivation are provided by a laser which produces a beam of light comprising a train 

of one or more ultrashort pulses. This beam of light can be a focused beam of light if the 

location and extent of the particular volume of tissue to be treated is precisely known. 

The focused beam of light can then be scanned throughout the volume of the tissue to 
25 treat the entirety of the pigmented tissue. Alternatively, where the location and extent of 

the pigmented tissue in a volume of tissue is not precisely known, a non-focused light 

beam can be used. 

In an alternative embodiment, an exogenous photodynamic agent can be added to 
the particular volume of tissue. The exogenous agent can be photoactivated by the 
30 simultaneous two-photon excitation. Activation of the exogenous photodynamic agent 

augments the effectiveness of the endogenous pigment. 
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In a further alternate embodiment of the invention, the effectiveness of such 
photoactivation is augmented through the localized application of hyperthermia in the 
pigmented tissues. 

In an additional further alternative embodiment of the invention, the particular 
5 volume of tissue is treated with light to promote thermal overload of the pigmented 

tissues. Thermal overload heats and kills the pigmented tissues. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In describing the preferred embodiments, reference is made to the accompanying 
drawings: 

FIGURE 1 illustrates an example energy level diagram for simultaneous two- 
photon excitation; 

FIGURE 2 illustrates an example of absorption and scattering properties for 
animal tissue covering the ultraviolet to infrared spectral region; 

FIGURE 3 shows the general trends in optical absorption properties of animal 
tissue for short wavelength and long wavelength light; 

FIGURE 4 illustrates a comparison of optical activation in tissue when single- 
photon and two-photon excitation methods are used; 

FIGURE 5 illustrates an embodiment of the present invention for selective two- 
photon photoactivation of melanin, melanin-precursors or endogenous pigments using 
focused light; 

FIGURE 6 illustrates an another embodiment for selective two-photon 
photoactivation of melanin, melanin-precursors, or endogenous pigments using focused 
light; 

FIGURE 7 illustrates a further embodiment for selective two-photon 
photoactivation of melanin, melanin-precursors, or endogenous pigments using non- 
focused light; 

FIGURE 8 illustrate still another embodiment for selective two-photon 
photoactivation of melanin, melanin-precursors, or endogenous pigments in a subsurface 
tissue using non-focused light; 

FIGURE 9 illustrates an alternate embodiment for the present invention wherein 
a focused light beam is used to thermally overload and kill pigmented tumor cells; and 

FIGURE 10 illustrates another alternate embodiment for the present invention 
wherein a non-focused light beam is used to thermally overload and kill pigmented tumor 
cells. 

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED 
EMBODIMENT 

The present invention is directed to a method and apparatus for treating pigmented 
tissues using light. Such treatment includes the following photochemical outcomes of 
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therapeutic value: (1) the elimination of undesirable pigmentation in pigmented tissues 
through photobleaching; and (2) the permanent destruction of pigmented tissues through 
photochemical conversion of pigments into phototoxic products. More specifically, 
simultaneous two-photon excitation is used to photochemically convert endogenous or 
exogenous pigments into desired photoactive products, resulting in the desired 
photobleaching or tissue destruction. Photobleaching is used to reduce or eliminate 
undesirable coloration of tissue, such as that in moles, freckles, hair follicles and tattoos. 
The production of phototoxic products may be used to preferentially kill pigmented tumor 
cells or other undesirable tissues while sparing normal cells. Significantly, the methods 
and apparatus in the present invention used for photobleaching and production of 
phototoxic products utilize equivalent photoacti vation mechanisms, differing substantially 
only in the intended treatment target. 

In the preferred embodiment, the present invention uses simultaneous two-photon 
excitation to photoactivate pigments in the pigmented tissues, yielding photobleached or 
phototoxic products. 

In an alternate preferred embodiment, the present invention uses related optical 
means to selectively destroy pigmented tissues via photothermal means. 

Simultaneous Two Photon Excitation 

"Simultaneous two-photon excitation" is the non-linear optical excitation occurring 
as a result of the essentially simultaneous interaction of two photons originating from a 
single ultrashort laser pulse with one or more agents or pigments to produce one or more 
photoactivated agents or pigments. "Non-linear optical excitation" means those excitation 
processes involving the essentially simultaneous interaction of two photons with one or 
more agents or pigments. "Essentially simultaneous interaction" means those excitation 
processes occurring as a result of the interaction of one or more agents or pigments with 
photons provided by a single ultrashort laser pulse. Ultrashort means less than 
approximately 10 ns. 

As shown in Figure 1, simultaneous two-photon excitation to an allowed energy 
level 10 occurs when a photoactive agent is excited from a first allowed electronic energy 
level 16 upon absorption of a certain energy E! that is provided by the simultaneous, 
combined interaction of two photons 12 and 14 with the agent. If the energies of both 
photons 12 and 14 are identical, the excitation process is termed "degenerate". The 
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simultaneous interaction of the two photons is frequently described as being mediated by 
a transient virtual state 20 with a lifetime on the order of 1 0 femtoseconds (fs) or less. If 
both photons do not interact with the agent during this lifetime, excitation does not occur 
and the agent fails to reach the excited state S n (18). Typically, intersystem crossing, IX, 
subsequently occurs to bring the excited agent to a long-lived activated state T m from 
which a photochemical reaction R can occur. 

Simultaneous two-photon excitation may thereby be used to excite processes that 
normally occur upon absorption of a single UV or visible photon through the simultaneous 
absorption of two near-infrared photons. 

An example of the simultaneous two-photon excitation process is the promotion 
of melanin precursors from a ground electronic state to an excited electronic state through 
the simultaneous absorption of two photons at 600 nm, followed by binding of the excited 
melanin precursor to DNA (this is conventionally excited using a single photon at 300 
nm). 

In this example, the probability of excitation is related to the product of the instantaneous 
or peak powers of the first of two photons 12 and the second of two photons 14. This 
can be conceptualized in the form of a photochemical reaction, 

Molecule GROUND STATE + 2 hv 600 m - Molecule EXCITED STATE ( 1 ) 

which shows that a molecule in the ground state is promoted to an excited state following 
simultaneous absorption of two photons at 600 nm, hv 600nm . The reaction rate R, is given 
by R = k [Molecule GROUND state] [hv 6 oo nm] 2 . where k is a rate constant and where 
[Molecule GROUNDSTATE ] and [hv 600nm ] symbolize concentrations of ground state molecules 
and excitation photons, respectively. Hence, due to the well known quadratic dependence 
on instantaneous photon irradiance, simultaneous two-photon excitation to an allowed 
energy level 10 is also referred to as a non-linear excitation process. 

A more detailed explanation of simultaneous two-photon excitation and other non- 
linear and linear processes is described in U.S. patent application no. 08/739,801 filed 
October 30, 1 996 for "Method For Improved Selectivity In Photoactivation Of Molecular 
Agents" assigned to the same assignee of the present application and which is 
incorporated herein by reference. 
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Significance of absorbance and scattering properties in single-photon and simultaneous 
two-photon processes : 

While the cross-section for simultaneous two-photon excitation may be 
considerably lower than that observed with single-photon excitation, use of the 
simultaneous two-photon excitation in the present invention may be favorable over single- 
photon excitation under many conditions because of lower matrix absorption and optical 
scattering of longer wavelength optical radiation. For example, FIGURE 2 shows the 
absorption and scattering properties for various components of animal tissue, such as 
human dermis, covering the ultraviolet (UV) to near infrared (NIR) spectral region. 

Specifically, FIGURE 2 demonstrates how higher-energy photons 32 may 
experience considerably greater tissue absorption than lower-energy photons 34. For 
example, human skin strongly absorbs higher-energy photons 32 at 400 nm, but is 
relatively transparent to lower-energy photons 34 at 800 nm. This is a consequence of the 
natural absorbance of higher-energy photons 32 by blood, pigments, proteins, and genetic 
materials, among other natural components, of skin. 

FIGURE 2 further demonstrates how higher-energy photons 42 may experience 
considerably greater tissue scatter than lower-energy photons 44. Any optically dense 
medium, such as human skin, will strongly scatter higher-energy photons 42, for example 
at 400 nm, but will exhibit much lower scatter for lower-energy photons 44 at 800 nm. 

These differences in optical properties have two important consequences. First, 
absorption of short-wavelength, higher-energy photons 32 by tissue can result in 
undesirable tissue damage upon exposure to UV or other high-energy light. In contrast, 
negligible effects may be experienced upon illumination with lower-energy photons 34, 
such as NIR light, even when the optical power of the NIR light is many-fold higher than 
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that of the UV light. Secondly, the inherently high absorption and scatter of higher-energy 
photons 32 by tissue can result in very shallow tissue penetration depths, while lower- 
energy photons 34 generally have much greater penetration depths. 

These important differences in absorption and penetration depth properties for 
higher-energy and lower-energy light are shown schematically in FIGURE 3. When UV 
light 50, for example light at 400 nm, impinges on human tissue 52, the majority of the 
optical energy is immediately absorbed and scattered in the outermost layers 54, such as 
the epidermis and dermis. Absorption may occur due to excitation of certain molecules 
in the cells of these outermost layers 54, such as those composing the genetic material in 
the cellular nucleus. This absorption of higher-energy light by cellular constituents can 
thereby initiate a variety of collateral photochemical changes 56 in these cells. These 
collateral photochemical changes 56 resulting from absorption of UV light 50 can include 
irreversible genetic damage and induction of cancer. 

In contrast, NIR light 58, for example at 800 nm, will not be appreciably absorbed 
or scattered by tissue 52 or its outermost layers 54. The overall depth of penetration will 
be much greater, and the extent of collateral damage to cells will be substantially lower. 
Hence, if long- wavelength excitation light is used to replace the higher-energy light used 
for conventional single-photon excitation, it is possible to photoactivate specific molecules 
or pigments using relatively non-damaging, high penetration depth, simultaneous two- 
photon excitation. 

Furthermore, the properties of simultaneous two-photon excitation have additional 
implications when coupled with the inherent non-damaging nature and low absorption of 
NIR light. For example, FIGURE 4 compares the extent of optically-induced damage in 
tissue when single-photon excitation 60 and simultaneous two-photon NIR excitation 62 
methods are used to illuminate a subcutaneous tumor 64. 
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Single-photon excitation 60 produces a photoactivation zone 66 that extends 
substantially along the entire optical path and has no significant biospecificity. Hence, in 
addition to induction of the desired photoactivation in the tumor 64, collateral damage can 
occur throughout surrounding tissues, such as the dermis 68 and surrounding healthy 
tissue 70. If the single-photon excitation 60 is focussed, the photoactivation zone 66 will 
be slightly enhanced at the focus 72. This photoactivation zone 66, however, might not 
even extend into the tumor 64 if the UV or visible light is absorbed by the epidermis, 
dermis 68 or surrounding healthy tissue 70 prior to reaching the tumor 64. This can occur 
as a consequence of the inherently high absorptivity of tissue at short wavelengths. 

In contrast, use of NIR light for simultaneous two-photon excitation 62 produces 
a sharply defined remote photoactivation zone 74 that is spatially localized at the focus 
76 as a consequence of the non-linear properties of this excitation method. Such 
localization of activation in such a focal zone is a unique property of non-linear excitation 
processes, such as two-photon excitation. Furthermore, because tissue does not 
appreciably absorb NIR light, collateral damage to the surrounding dermis 68 and healthy 
tissue 70 is minimized. 

Therapeutic applications of simultaneous two-photon excitation : 

The foregoing discussion suggests that the fundamental differences in the 
absorption of UV and NIR light by tissue and cellular constituents, coupled with the 
special non-linear properties of simultaneous two-photon excitation, have direct 
applicability for improvements in various medical treatments, specifically in the 
modification or elimination of pigmented tissues. 
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Such simultaneous two-photon excitation enables improved localization in the 
photoactivation of photoactive agents with significantly reduced potential for collateral 
tissue damage compared with that possible using conventional methods. 

Where control of penetration is not critical, non-focussed NIR light may be used 
to stimulate simultaneous two-photon photoactivation of agents present in a relatively 
large illuminated area. In such a case, the extent of agent photoactivation is controlled 
by varying the location, intensity and duration of exposure of such agents to the NIR 
beam. 

Where precise control of penetration depth or volume extent of therapeutic 
application is more critical, focussed NIR light may be used to stimulate the simultaneous 
two-photon photoactivation process. In such a case, beam irradiance, exposure duration, 
and degree of focussing are used to control the extent of agent photoactivation. 

In both cases, high-irradiance NIR light may be used to achieve maximum efficacy. 
Furthermore, the high penetration depths achievable with NIR light combined with the 
inherent localization of photoactivation that is possible with focused simultaneous two- 
photon excitation provide a means for photoactivating agents in subsurface tissues without 
damaging overlying or underlying healthy tissues. 

Simultaneous Two-Photon Treatment with Endogenous Pigments 

The method of the present invention improves on the above-described advantages 
through the use of simultaneous two-photon excitation to produce a therapeutic outcome 
based on photoactivation of endogenous pigments in order to treat pigmented tissues. 
"Endogenous" means pre-existing in a patient or target. "Pigments" means naturally 
occurring agents that absorb optical energy. Examples of such pigments include melanin, 
melanin precursors, carotenes, porphyrins (such as hemoglobin), various tattoo dyes and 
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other optically active species. "Therapeutic outcome" means photobleaching or 
photodynamic destruction of treated pigmented tissues resulting from the natural 
biological action of a photoactivated endogenous pigment. "Photobleaching" is the 
reduction or elimination of undesirable pigmentation, for example that caused by 
endogenous pigments present in moles, freckles, hair follicles and tattoos. "Photodynamic 
destruction" is localized tissue necrosis resulting from photochemical production of 
phototoxic products that destroy pigmented tissues, such as those pigmented tissues in 
pigmented tumors. Tissues suitable for treatment include pigmented tissues in which a 
specific therapeutic outcome is desired, such as moles, freckles, pigmented tumors, benign 
lesions, hair follicles and tattoos. 

In a further embodiment of the present invention, a precursor to the endogenous 
pigments may be used. Examples of such precursors to pigments include 5-S- 
cysteinyldopa (5-SCD) and 5,6-dihydroxyindole (DHI), dopa, dopa semiquinone, 
leucodopachrome, dopachrome, eumalanins, pheomelanins, sepia melanins, and 5,6- 
dihydroxyindole-2-carboxylic acid. Such precursors have both photoprotective and 
phototoxic abilities. A metabolic precursor to melanin is a biochemical (e.g. 5-SCD, DHI) 
that is produced by the cell as part of the synthetic pathway that produces melanin. 
Melanin precursors, when activated by light, can generate photoxic products that damage 
cellular materials (e.g., DN A) killing the target cells. Melanin precursors can be activated 
by two-photon excitation, as explained supra. 

As also explained supra, melanin, melanin precursors, and other endogenous 
pigments are naturally occurring in human tissue, including in tumors. Such melanins, 
melanin precursors, or other endogenous pigments can be converted to phototoxic 
products after exposure to light. 
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The present invention uses the above-described simultaneous two-photon 
excitation to specifically target melanin, melanin precursors, or other endogenous 
pigments in pigmented tissues (such as melanomas and other tumors). The pigment is 
converted to a phototoxic product by NIR light upon simultaneous two-photon excitation. 
The phototoxic product then causes damage to the pigmented tissues (by for example 
photobinding to cellular DNA or causing breaks in this DNA). This kills the cells in the 
pigmented tissues and, therefore, destroys it. Because simultaneous two-photon 
excitation is used to specifically target the melanin, melanin precursors, or other 
endogenous pigments only in the targeted tissue, any melanin, melanin precursors, or 
other endogenous pigments in the tissue surrounding the targeted tissue are not converted 
to phototoxic products. 

More specifically, use of simultaneous two-photon excitation produces a sharply 
defined focal zone that is substantially localized in depth and cross-section. This focal 
zone can be localized to the targeted tissue (such as a tumor) to be killed or a small zone 
within or surrounding this tissue. As a result, photoactivation will only occur in the focal 
zone (i.e. in the tumor). Hence, any melanin, melanin precursors, or other endogenous 
pigment not in the targeted tissue, such as for example, in tissue surrounding a tumor, will 
not be photoactivated because it is outside the focal zone. 

Additionally, as explained supra, the simultaneous two-photon excitation is able 
to penetrate deep into normal or cancerous tissue and photoactivate melanin or other 
endogenous pigments located deep within the tissue. As a result, tumors located deep 
within the body or large, deep tumors can be reached and destroyed. Destruction of these 
tumors can be done without activating melanin or other endogenous pigments along the 
path of the light or surrounding the tumor. 
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In addition to photodynamic destruction of pigmented tissues, such as those in 
pigmented tumors, the above-described unique features of simultaneous two-photon 
excitation may be used to achieve improved safety and specificity in the photobleaching 
of pigmented tissues, such as in moles, freckles, hair follicles and tattoos. The pigments 
present in such tissues can be activated by simultaneous two-photon activation, as 
explained supra, and upon activation may become photobleached. Thus, the present 
invention also uses simultaneous two-photon excitation to specifically target endogenous 
pigments in such pigmented tissues, thereby causing photobleaching and a desired 
reduction or elimination of apparent pigmentation. 

It is a specific preferred embodiment of the present invention to employ the output 
of aNIR source, such as the mode-locked titanium: sapphire laser, to induce simultaneous 
two-photon photoactivation so as to photoactivate melanin, melanin precursors, or other 
endogenous pigments using light at a wavelength approximately twice that necessary for 
such conversion using conventional single-photon photoactivation. As explained supra, 
such NIR light exhibits improved penetration into tissue relative to that used for 
conventional single-photon photoactivation, and is less likely to produce collateral damage 
in tissues adjacent to the desired treatment target. 

For the sake of simplicity and clarity, the following descriptions of preferred 
embodiments will focus on photodynamic destruction of pigmented tumor tissues, such 
as those in melanomas. However, it is important to note that the methods and apparatus 
described are equally applicable to the photobleaching of pigmented tissues, such as moles 
or tattoos, differing substantially only in the intended treatment target. In both classes of 
treatment, it is the photoactivation of the pigment that is fundamentally responsible for the 
desired therapeutic outcome. 
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Accordingly, a preferred embodiment is shown in FIGURE 5. The source 80 
produces abeam of light 82 consisting of a rapid series of high peak power pulses of NIR 
light. For example, standard commercially available mode-locked titanium-sapphire lasers 
are capable of outputting mode-locked pulses with durations <200 fs and pulse energies 
of about 1-20 nJ at pulse repetition frequencies in excess of 75 MHz. This source 
produces a quasi-continuous beam of light having a relatively low average power (up to 
several Watts) but high peak power (on the order of 1 00 kW) that is continuously tunable 
over a NIR wavelength band from approximately 690- 1 080 nm. The pulse train from the 
source 80 constitutes a beam of light 82 that is easily focussed using standard optical 
means, such as reflective or refractive optics 84. The focused beam 86 can then be 
directed into a tumor 88 or other localized treatment target. 

Simultaneous two-photon photoactivation of the melanin, melanin precursors, or 
other endogenous pigments will be substantially limited to the focal zone 90 of the focused 
light beam 86 due to the high instantaneous irradiance level that is only present at the 
focus. Furthermore, regardless of whether melanin, melanin precursors, or another 
endogenous pigment is present in surrounding healthy tissue 92 or skin 94, insignificant 
collateral photoactivation, photodamage or conversion into a phototoxic product will 
occur outside the focal zone 90. This is a consequence of the non-linear relationship 
between instantaneous optical power and simultaneous two-photon excitation, which 
limits significant excitation to the focal zone 90. Even if melanin, melanin precursors, or 
another endogenous pigment is present outside of the focal zone 90, excitation intensities 
are below that necessary to produce significant photoactivation. 

The apparatus of the present invention can also include, for example, a focusing 
apparatus for focusing the light throughout a range of focal lengths extending from a 
surface of the tissue to a depth substantially beyond the surface. The source of light and 
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focusing apparatus cooperate to promote simultaneous two-photon excitation of the 
pigment at controllable locations throughout the volume of tissue. 

By scanning the location of the focus of the beam 86 throughout the volume of the 
tumor 88, complete photoactivation of the melanin, melanin precursors, or other 
endogenous pigments into a phototoxic product throughout the tumor 88 can be effected. 
This scanning action can be produced by changing the position of the focus 86 relative to 
the tumor 88, or by moving the tumor 88 relative to a stationary focus 86 location. The 
quality of the focal region 90 of the focused light beam 86 may be improved by pre- 
expanding the light beam 82, using a beam expander or other device, prior to focusing 
using standard optical means. 

This scanning can be done, for example, by positioning a focus of a beam of light 
over a range of positions so that a focal plane of the light beam occurs at a site located 
between a surface of the tissue and a point substantially beyond the tissue surface. As a 
result, treating the particular volume of tissue may extend to penetrate deep within the 
tissue. This scanning can further include varying, while the beam of light is extant, the 
radial position of the focal plane within the tissue, thereby to photoactivate the 
endogenous pigment at a multiplicity of positions between the tissue surface and a position 
located substantially beyond the tissue surface. 

The simultaneous two-photon photoactivation embodiment of the present 
invention has several variations for the treatment of topical tissues, as shown in FIGURE 
6 and in FIGURE 7. For example, the non-damaging nature of focused NIR light, shown 
in FIGURE 6, or of non-focused NIR light, shown in FIGURE 7, allows photoactivation 
of melanin or other endogenous pigments at topical locations without risk to underlying 
or surrounding tissues. 
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Focused simultaneous two-photon photoactivation of melanin or other 
endogenous pigments for topical therapy, as shown in FIGURE 6, is effected when a beam 
of light 82 from a source 80 is focused 86 onto a tumor 88 or other localized treatment 
target using standard optical means, such as reflective or refractive optics 84. In this 
manner, photoactivation of the melanin, melanin precursors, or other endogenous 
pigments into a phototoxic product occurs only at the focal zone 90. The surrounding 
healthy tissue 92 and skin 94 are unaffected in this process, even if they also contain 
melanin, melanin precursors, or another endogenous pigment, since photoactivation is 
substantially limited to the focal zone 90. As described previously, a scanning action can 
be used to effect photoactivation of the melanin, melanin precursor, or other endogenous 
pigment into a phototoxic product throughout the volume of the tumor 88. 

Non-focused simultaneous two-photon photoactivation of melanin, melanin 
precursors, or other endogenous pigments for topical therapy, as shown in FIGURE 7, 
is effected when a non-focused or expanded beam of light 96 from a source 80 is directed 
onto a topical tumor 88 or other localized treatment target. This beam of light 96 may 
have a cross sectional area smaller than, equal to, or larger than that of the tumor 88. 
Since melanin, melanin precursors, or other endogenous pigments are present in 
substantially higher levels in the tumor 88, the therapeutic action will be substantially 
limited to the volume of the tumor 88. Since the beam of light 96 is non-damaging to 
tissues that do not contain a significant concentration of pigment, damage to surrounding 
healthy tissue 92 and skin 94 is avoided. This embodiment may be particularly useful 
when the exact location, size and shape of the tumor 88 are not known, or when it is 
otherwise undesirable to carefully control the location of application of the beam of light 
96, since careful control of the location of the beam of light 96 is not critical for successful 
administration of this therapeutic regime. When non-focused light is used, employment 
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of extremely high peak power excitation sources, such as Q-switched lasers or 
regeneratively amplified mode-locked lasers, may be beneficial due to their exceptionally 
high peak radiant power (which is in the GW range) that will thereby afford a high 
instantaneous irradiance over a large area. 

A final related variation of this preferred embodiment for simultaneous two-photon 
photoactivation is shown in FIGURE 8, where a non-focused or expanded beam of light 
96 from a source 80 is directed onto a tumor 88 or other localized treatment target 
located below the skin's surface. This beam of light 96 may have a cross sectional area 
smaller than, equal to, or larger than that of the tumor 88. Since melanin, melanin 
precursors, or other endogenous pigments are present in substantially higher levels in a 
tumor 88, the therapeutic action will be substantially limited to the volume of the tumor 
88. Since the beam of light 96 is non-damaging to tissues that do not contain a significant 
concentration of pigment, damage to surrounding healthy tissue 92 and skin 94 is avoided. 
This embodiment may also be particularly useful when the exact location, size and shape 
of the tumor 88 are not known, or when it is otherwise undesirable to carefully control the 
location of application of the beam of light 96, since careful control of the location of the 
beam of light 96 is not critical for successful administration of this therapeutic regime. As 
in the previous non-focused embodiment, employment of extremely high peak power 
excitation sources may be beneficial due to their exceptionally high peak radiant power 
and potential high instantaneous irradiance over a large area. 

Preferably, the simultaneous two-photon excitation will be produced by an 
ultrashort pulsed NIR laser light having a wavelength of from approximately 450 nm to 
1400 nm with a pulse width of from approximately 25 fs to 10 ns and a greater than 
approximately 1 kHz pulse repetition frequency. Such laser light can be produced by a 
mode-locked titanium: sapphire laser or related laser sources. 
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The extent and duration of excitation affected with such sources will be controlled 
by varying the location, irradiance and duration of application of the light. 

The effectiveness of the therapeutic outcome may be markedly increased by 
simultaneous photoactivation and localized heating (hyperthermia) of the treatment site. 
Such heating occurs as a secondary effect of illumination with laser light, and may also be 
controlled by varying the location, irradiance and duration of application of the light, so 
as to yield heating in the treatment zone of 2-10°C above normal temperatures. For 
example, application of light at intensities of 150-3000 mW/cm 2 may be used to produce 
such desirable hyperthermia. Alternately, secondary thermal sources, such as infrared 
lamps or warm fluid baths, may be used to effect such desirable hyperthermia at the 
treatment site. 

While the foregoing disclosure has primarily focused on example therapeutic 
applications using two-photon excitation of agents with ultrashort pulsed NIR light 
produced by mode-locked titanium: sapphire lasers, the present invention is not limited to 
such excitation nor to such narrowly defined optical sources In fact, aspects of the 
present invention are applicable when optical excitation is effected using linear or other 
non-linear methods. For example, various other optical sources are applicable, alone or 
in combination, such as continuous wave and pulsed lamps, diode light sources, 
semiconductor lasers; other types of gas, dye, and solid-state continuous, pulsed, or 
mode-locked lasers, including: argon ion lasers; krypton ion lasers; helium-neon lasers; 
helium-cadmium lasers; ruby lasers; Nd: YAG, Nd: YLF, Nd: YAP, Nd: YV04, Nd:Glass, 
andNd.CrGsGG lasers; Cr:LiSF lasers; Er: YAG lasers; F-center lasers; Ho: YAG and 
Ho: YLF lasers; copper vapor lasers; nitrogen lasers; optical parametric oscillators, 
amplifiers and generators; regeneratively amplified lasers; chirped-pulse amplified lasers; 
and sunlight. 
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In an alternative embodiment, an exogenous photodynamic agent can be added to 
the patient to be activated in conjunction with the endogenous pigments. "Exogenous" 
agents are photoactive materials not pre-existent in a patient or other target which are for 
example administered for the purpose of increasing efficiency of conversion of optical 
energy into a therapeutic process. Examples of such exogenous agents include Rose 
Bengal, psoralen derivatives, indocyanine, Lutex, Sn(ET 2 ) and various porphyrin 
derivatives, including porfimer sodium and benzoporphyrin derivative. Preferably, the 
targeted tissue is pretreated with the exogenous agent so that it retains a therapeutic 
concentration of the agent when the tissue is treated with light so as to promote 
simultaneous two-photon activation of the agent. Alternatively, the agent can be added 
at other times during the process. Upon administration and accumulation in targeted 
tissue, such agents can be used to efficiently interact with NIR light so as to kill tissue by 
Type I or Type II PDT mechanisms. Such killing can be used to augment or supplement 
killing of pigmented tissues using endogenous photoactive agents as described supra. 

Another alternate embodiment of the present invention is directed to the thermal 
destruction of melanomas and other pigmented lesions. 

Melanomas are usually dramatically darker than surrounding healthy tissue. The 
dark color associated with melanomas is caused by increased production of melanin by 
tumor cells. Melanin is a strong absorber of ultraviolet (UV) and visible light, and 
normally protects cells from the deleterious effects of solar UV radiation. For example, 
FIGURE 2 shows that melanin is highly absorptive at wavelengths shorter than 
approximately 1 000 nm. In contrast, hemoglobin has minimal absorbance above 450 nm. 
The high concentration of melanin in most melanoma cells makes them capable of strongly 
and selectively absorbing light at wavelengths longer than 450 nm and shorter than 1000 
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nm. Thus, illumination of melanoma cells with light at such wavelengths will produce 
much more heat in those cells as compared to cells in less pigmented tissue. 

Currently, laser illumination is used in cosmetic applications to remove unwanted 
hair. Laser hair removal is accomplished because there is more pigment in the hair 
follicles than in surrounding tissue. Therefore, when a laser illuminates the pigmented hair 
follicle, it absorbs much more of the light, causing localized heating. The localized 
hyperthermia thereby created in the bulb of the hair follicle kills the hair follicle while 
sparing surrounding tissue (which is not heated to a significant extent by the laser 
illumination). 

The inventors of the present application have discovered a process to kill 
pigmented tumor cells by thermally overloading them whereas the relatively unpigmented 
cells in healthy tissues surrounding the tumor are spared. Figs. 9 and 10 illustrate such an 
alternate embodiment for the present invention wherein a focused light beam 86 (Fig. 9) 
and a non-focused light beam 96 (Fig. 10), respectively, are used to kill pigmented tumor 
cells 98. Such pigmented tumor cells 98 may be located at the surface of tissue 92 to be 
treated, or may be located significantly below the surface. Illumination of pigmented 
tumor cells 98 may be effected using a continuous wave or pulsed laser source operating 
in either of two wavelength bands between approximately 450 and 800 nm and between 
approximately 800 and 1400 nm. 

For wavelengths between 450 and 800 nm, direct linear excitation of melanin is 
used to selectively promote thermal overload of pigmented tumor cells 98. Light in this 
band is preferred when pigmented tumor cells 98 are located at the surface of tissue or at 
depths of approximately 2 mm or less below the surface since such light is not capable of 
penetrating tissue to significantly greater depths. For such excitation, it is preferred that 
illumination be effected via application of one or more short pulses of light having a pulse 
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duration of 10 ns (nanoseconds) or less, and more preferably of 10 ps (picoseconds) or 
less. Use of such short duration pulses reduces thermal loss to surrounding tissues, 
thereby improving efficiency in selective thermal overload of the pigmented tumor cells 
98. It is further preferred that the wavelength of this light be between approximately 600 
and 800 nm to afford improved specificity for excitation of melanin relative to 
hemoglobin. Moreover, it is further preferred that such light be produced by a light 
source such as a mode-locked titanium: sapphire laser, which is readily able to deliver such 
light pulses at such wavelengths. A focused light beam 86 is preferable where the location 
and extent of the lesion is precisely known, since improved control over the extent of the 
treatment zone is thereby possible. By scanning this focused light beam 86 throughout 
the volume of the tumor, it is possible to treat the entirety of the pigmented tumor cells 
98. However, where the location and extent of the lesion is not precisely known, or 
where the lesion is exceptionally large, use of a non-focused light beam 96 is preferred to 
assure that treatment is effected in all of the pigmented tumor cells 98. 

For wavelengths between 800 and 1400 nm, excitation of melanin via linear 
mechanisms and non-linear two-photon mechanisms is used to selectively promote thermal 
overload of pigmented tumor cells 98. Light in this band is preferred when pigmented 
tumor cells 98 are located below the surface of tissue at depths of approximately 2 mm 
or greater since such light is capable of penetrating tissue to such depths. For such 
excitation, it is preferred that illumination be effected via application of one or more short 
pulses of light having a pulse duration of 10 ps or less, and more preferably of 1 ps or less. 
Use of such short duration pulses increases the efficiency of non-linear excitation 
mechanisms while simultaneously reducing thermal loss to surrounding tissues, thereby 
improving efficiency in selective thermal overload of the pigmented tumor cells 98. A 
focused light beam 86 is preferable where the location and extent of the lesion is precisely 
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known, since improved control over the extent of the treatment zone is thereby possible. 
Use of such a focused light beam 86 improves efficiency of non-linear excitation 
mechanisms, allowing relatively low energy light sources 80, such as mode-locked 
titanium: sapphire lasers, to be successfully used. By scanning this focused light beam 86 
throughout the volume of the tumor it is possible to treat the entirety of the pigmented 
tumor cells 98. However, where the location and extent of the lesion is not precisely 
known, or where the lesion is exceptionally large, use of a non-focused light beam 96 is 
preferred to assure that treatment is effected in all of the pigmented tumor cells 98. Under 
such illumination conditions, amplified or other higher energy light sources 80, such as the 
regeneratively amplified mode-locked titanium: sapphire laser, are preferred so as to 
increase illumination intensities to levels sufficient to achieve efficient non-linear 
excitation. 

It will be clear that the methods and apparatus described for this alternate 
embodiment will be equally applicable to the treatment of other pigmented blemishes, such 
as for example moles, port wine stains, freckles, scars, and tattoos, and for the reduction 
or elimination of pigments in hair. 

While the present invention has been illustrated and described as embodied in 
general methods and apparatus for killing pigmented tumors by activation of endogenous 
pigments using optical radiation, it is not intended to be limited to the details shown, since 
it will be understood that various omissions, modifications, substitutions and changes in 
the forms and details of the method illustrated and in its operation can be made by those 
skilled in the art without departing in any way from the spirit of the present invention. 

This description has been offered for illustrative purposes only and is not intended 
to limit the invention of this application, which is defined in the claims below. 
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What is claimed as new and desired to be protected by Letters Patent is set forth 
in the appended claims. 
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We claim: 

Claim 1 . A method for the treatment of a particular volume of tissue, said 

volume of tissue containing an endogenous pigment, the method comprising the steps of: 

treating the particular volume of tissue with light to promote a simultaneous two- 
5 photon photoactivation of said pigment in the particular volume of tissue, wherein the 

pigment becomes photochemically activated in the particular volume of tissue. 

Claim 2 . The method of Claim 1 wherein the light to promote said 

simultaneous two-photon photoactivation is a laser light produced by a laser. 

10 

Claim 3 . The method of Claim 2 wherein the laser light comprises a train of 

one or more ultrashort pulses. 

Claim 4 . The method of Claim 2 including operating the laser to produce light at 
15 a wavelength between approximately 450 nm to 1400 nm. 

Claim 5 . The method of Claim 1 wherein the light to promote said 

simultaneous two-photon photoactivation is a focused beam of light. 

20 Claim 6 . The method of Claim 5 wherein the focused beam of light is focused 

laser light. 

Claim 7. The method of Claim 6 wherein said particular volume of tissue is 
located substantially at the tissue surface. 
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Claim 8 . The method of Claim 6 wherein said particular volume of tissue is 
located substantially below the tissue surface. 

Claim 9 . The method of Claim 1 wherein said step of treating the particular 
volume of tissue includes positioning a focus of a beam of light over a range of positions 
so that a focal plane of the light beam occurs at a site located between a surface of the 
tissue and a point substantially beyond the tissue surface, whereby said step of treating the 
particular volume of tissue may extend to penetrate deep within the tissue. 

Claim 10 . The method of Claim 9 further including varying, while the beam of 
light is extant, the radial position of the focal plane within the tissue, thereby to 
photoactivate the endogenous pigment at a multiplicity of positions between the tissue 
surface and a position located substantially beyond the tissue surface. 

Claim 1 1 . The method of Claim 1 wherein said endogenous pigment becomes 
photoactivated in said particular volume at a controllable position substantially beyond a 
tissue surface. 

Claim 12 . The method of Claim 1 further comprising the step of controlling the 
photoactivation by varying the location, irradiance and duration of said light. 



Claim 13 . The method of Claim 1 wherein the light to promote said simultaneous 
two-photon excitation of the endogenous pigment is a non-focused beam of light. 
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Claim 14. The method of Claim 13 wherein said particular volume of tissue is 
located substantially at the tissue surface. 

Claim 15 . The method of Claim 13 wherein said particular volume of tissue is 
located substantially below the tissue surface. 

Claim 16. The method of Claim 1 wherein said endogenous pigment is selected 
from the group comprising melanin, melanin precursors, carotenes, porphyrins, and 
various tattoo dyes. 

Claim 17. The method of Claim 16 wherein said melanin precursors are selected 
from the group comprising 5-S-cysteinyldopa (5-SCD) and 5,6-dihidroxyindole (DHI), 
dopa, dopa semiquinone, leucodopachrome, dopachrome, eumalanins, pheomelanins, 
sepia melanins, and 5,6-dihydroxyindole-2-carboxylic acid. 

Claim 18 . The method of Claim 16 wherein said porphyrins include hemoglobin. 

Claim 19 . A method for producing a photoactivated product in a particular 
volume of a material, the method comprising treating the particular volume of the material 
with light to promote a simultaneous two-photon excitation of an endogenous pigment 
contained in the particular volume of the material, wherein the pigment becomes a 
photoactivated product in the particular volume of the material. 



Claim 20 . The method of Claim 19 wherein the light to promote said 
simultaneous two-photon photoactivation is a laser light produced by a laser. 



WO 00/07514 PCT/US99/17176 

30 

Claim 21 . The method of Claim 20 wherein the laser light comprises a train 
of one or more ultrashort pulses. 



Claim 22 . The method of Claim 20 including operating the laser to produce light 
5 at a wavelength between approximately 450 nm to 1400 nm. 

Claim 23 . The method of Claim 19 wherein the light to promote said 
simultaneous two-photon photoactivation is a focused beam of light. 

10 Claim 24 . The method of Claim 23 wherein the focused beam of light is focused 

laser light. 

Claim 25. The method of Claim 24 wherein said particular volume of material is 
tissue located substantially at the surface of said material. 

15 

Claim 26 . The method of Claim 24 wherein said particular volume of material is 
tissue located substantially below the surface of said material. 



Claim 27 . The method of Claim 19 wherein said step of treating the particular 
20 volume of material includes positioning a focus of a beam of light over a range of 

positions so that a focal plane of the light beam occurs at a site located between a surface 
of the material and a point substantially beyond the material surface, whereby said step of 
treating the particular volume of material may extend to penetrate deep within the 
material. 
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Claim 28 . The method of Claim 27 farther including varying, while the beam of 
light is extant, the radial position of the focal plane within the material, thereby to 
photoactivate the endogenous pigment at a multiplicity of positions between the material 
surface and a position located substantially beyond the material surface. 

5 

Claim 29 . The method of Claim 19 wherein said endogenous pigment 
becomes photoactivated in said particular volume at a controllable position substantially 
beyond a material surface. 

10 Claim 30 . The method of Claim 19 farther comprising the step of controlling the 

photoactivation by varying the location, irradiance and duration of said light. 

Claim 31 . The method of Claim 1 9 wherein the light to promote said simultaneous 
two-photon excitation of the endogenous pigment is a non-focused beam of light. 

15 

Claim 32 . The method of Claim 3 1 wherein said particular volume of material is 
located substantially at the surface of said material. 



Claim 33 . The method of Claim 3 1 wherein said particular volume of material is 
20 tissue located substantially below the surface of said material. 

Claim 34. The method of Claim 19 wherein said endogenous pigment is selected 
from the group comprising melanin, melanin precursors, carotenes, porphyrins, and 
various tattoo dyes. 
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Claim 35. The method of Claim 34 wherein said melanin precursors are selected 
from the group comprising 5-S-cysteinyldopa (5-SCD) and 5,6-dihidroxyindole (DHI), 
dopa, dopa semiquinone, leucodopachrome, dopachrome, eumalanins, pheomelanins, 
sepia melanins, and 5,6-dihydroxyindole-2-carboxylic acid. 

Claim 36. The method of Claim 34 wherein said porphyrins include hemoglobin. 

Claim 37 . A method for treatment of tissue wherein the tissue includes an 
endogenous pigment, the method comprising the steps of: 

directing light to specific regions of interest within the tissue, including regions 
substantially below a tissue surface, said light being selected to penetrate the tissue and 
to promote two-photon excitation substantially only at a focal zone; 

controlling the location of said focal zone over a range of depths within said tissue; 

and 

using two-photon excitation, photoactivating said pigment over said range of 
depths within said tissue, thereby producing a photoactivated product substantially only 
at the focal zone. 

Claim 38 . The method of Claim 37 wherein said directing step includes 
directing a laser light produced by a laser to said regions of interest. 



Claim 39 . The method of Claim 38 wherein the laser light comprises a train 
of one or more ultrashort pulses. 
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Claim 40 . The method of Claim 38 including operating the laser to produce light 
at a wavelength between approximately 450 nm to 1400 nm. 

Claim 41 . The method of Claim 37 wherein the light to promote said two-photon 
photoactivation is a focused beam of light. 

Claim 42 . The method of Claim 41 wherein the focused beam of light is focused 
laser light. 

Claim 43. The method of Claim 42 wherein said regions of interest are located 
substantially at the tissue surface. 

Claim 44 . The method of Claim 42 wherein said regions of interest are located 
substantially below the tissue surface. 

Claim 45. The method of Claim 42 further comprising the step of scanning said 
regions of interest with said focused beam of light to promote two-photon excitation 
throughout said regions of interest. 

Claim 46 . The method of Claim 37 wherein said endogenous pigment 
becomes photoactivated in said focal zone at a controllable position substantially beyond 
a tissue surface. 



Claim 47 . The method of Claim 37 wherein said two-photon photoactivation is 
simultaneous two-photon activation. 
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Claim 48 , The method of Claim 37 further comprising the step of controlling the 
photoactivation by varying the location, irradiance and duration of said light. 

Claim 49 . The method of Claim 37 wherein the light to promote said two-photon 
5 excitation of the photoactive agent is a non-focused beam of light. 

Claim SO . The method of Claim 49 wherein said regions of interest are located 
substantially at the tissue surface. 

10 Claim 5 1 . The method of Claim 49 wherein said regions of interest are located 

substantially below the tissue surface. 

Claim 52. The method of Claim 37 wherein said endogenous pigment is selected 
from the group comprising melanin, melanin precursors, carotenes, porphyrins, and 
15 various tattoo dyes. 

Claim 53. The method of Claim 52 wherein said melanin precursors are selected 
from the group comprising 5-S-cysteinyldopa (5-SCD) and 5,6-dihidroxyindole (DHI), 
dopa, dopa semiquinone, leucodopachrome, dopachrome, eumalanins, pheomelanins, 
20 sepia melanins, and 5,6-dihydroxyindole-2-carboxylic acid. 

Claim 54 . The method of Claim 52 wherein said porphyrins include hemoglobin. 
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Claim 55 . A method for the treatment of a particular volume of tissue, said 
volume of tissue containing an endogenous pigment, the method comprising the steps of: 
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treating the particular volume of tissue with light to promote thermal overload of 
pigmented cells in the particular volume of tissue, wherein said thermal overload kills said 
pigmented cells. 

Claim 56 . The method of Claim 55 wherein the light to promote said thermal 
overload is a laser light produced by a laser. 

Claim 57 . The method of Claim 56 wherein the laser light comprises a train 
of one or more ultrashort pulses. 

Claim 58 . The method of Claim 56 including operating the laser to produce light 
at a wavelength between approximately 450 nm to 800 nm. 

Claim 59. The method of Claim 58 wherein said wavelength of light is between 
approximately 600 nm and 800 nm. 

Claim 60. The method of Claim 58 wherein said particular volume of tissue is 
located substantially at the tissue surface. 

Claim 61 . The method of Claim 58 wherein said particular volume of tissue is 
located approximately 2 mm or less below the tissue surface. 



Claim 62. The method of Claim 58 wherein said laser light has a pulse duration 
of less than 10 ns. 
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Claim 63 . The method of Claim 62 wherein said laser light has a pulse duration 
of less than 10 ps. 

Claim 64 . The method of Claim 56 including operating the laser to produce light 
at a wavelength between approximately 800 nm to 1400 nm. 

Claim 65. The method of Claim 64 wherein said particular volume of tissue is 
located approximately 2 mm or greater below the tissue surface. 

Claim 66 . The method of Claim 64 wherein said laser light has a pulse duration 
of less than 10 ps. 

Claim 67 . The method of Claim 66 wherein said laser light has a pulse duration 
of less than 1 ps. 

Claim 68 . The method of Claim 55 wherein the light to promote said thermal 
overload is a focused beam of light. 

Claim 69 . The method of Claim 68 wherein the focused beam of light is focused 
laser light. 

Claim 70 , The method of Claim 68 wherein said step of treating the particular 
volume of tissue includes scanning said particular volume of tissue with said focused beam 
of light so as to promote thermal overload throughout said particular volume of tissue. 
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Claim 71 . The method of Claim 55 wherein the light to promote said thermal 
overload is a non-focused beam of light. 



Claim 72. The method of Claim 55 wherein said endogenous pigment is selected 
5 from the group comprising melanin, melanin precursors, carotenes, porphyrins, and 

various tattoo dyes. 

Claim 73 . The method of Claim 72 wherein said melanin precursors are selected 
from the group comprising 5-S-cysteinyldopa (5-SCD) and 5,6-dihidroxyindole (DHI), 
10 dopa, dopa semiquinone, leucodopachrome, dopachrome, eumalanins, pheomelanins, 

sepia melanins, and 5,6-dihydroxyindole-2-carboxylic acid. 

Claim 74 . The method of Claim 72 wherein said porphyrins include hemoglobin. 



15 Claim 75 . A method for treatment of a particular volume of tissue, said volume 

of tissue containing an endogenous pigment and an exogenous photodynamic agent, the 
method comprising the steps of: 

treating the particular volume of tissue with light to promote a simultaneous two- 
photon photoactivation of said pigment and said agent in said particular volume of tissue, 

20 wherein the pigment becomes photochemically converted into a phototoxic product in the 

particular volume of tissue and said photodynamic agent becomes photoactivated in the 
particular volume of tissue. 
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Claim 76 . The method of Claim 75 wherein said exogenous photodynamic agent 
is selected from the group comprising Rose Bengal, psoralen derivatives, indocyanine, 
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Lutex, Sn(ET) 2 , and various porphyrin derivatives, including porfimer sodium and 
benzoporphyrin derivative. 

Claim 77 . The method of Claim 75 wherein the particular volume of tissue is 
pretreated with said exogenous photodynamic agent such that the particular volume of 
tissue retains a portion of said agent at the time the particular volume of tissue is treated 
with light so as to promote simultaneous two-photon activation of said agent. 

Claim 78 Apparatus for treating a particular volume of tissue containing an 
endogenous pigment, the apparatus comprising: 

a source of light and light delivery apparatus for directing light at and into said 
particular volume of tissue, said light being selected in frequency and energy to promote 
simultaneous two-photon excitation of said endogenous pigment so that said pigment 
becomes photochemically activated in said particular volume of tissue. 

Claim 79 . The apparatus of Claim 78 wherein said endogenous pigment is selected 
from the group comprising melanin, melanin precursors, carotenes, porphyrins, and 
various tattoo dyes. 

Claim 80 . The apparatus of Claim 79 wherein said melanin precursors are selected 
from the group comprising 5-S-cysteinyldopa (5-SCD) and 5,6-dihidroxyindole (DHI), 
dopa, dopa semiquinone, leucodopachrome, dopachrome, eumalanins, pheomelanins, 
sepia melanins, and 5,6-dihydroxyindole-2-carboxylic acid. 



Claim 81 . The apparatus of Claim 79 wherein said porphyrins include hemoglobin. 
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Claim 82 . The apparatus of Claim 79 wherein said source of light is a laser light 
produced by a laser. 

Claim 83 . The apparatus of Claim 82 wherein said laser light comprises a train of 
5 one or more ultrashort pulses. 

Claim 84. The apparatus of Claim 82 wherein said laser light has a wavelength 
between approximately 450 nm to 1400 nm. 

10 Claim 85 . The apparatus of Claim 78 wherein said particular volume of tissue is 

located substantially at the tissue surface. 

Claim 86. The apparatus of Claim 78 wherein said particular volume of tissue is 
located substantially below the tissue surface. 

15 

Claim 87. The apparatus of Claim 78 wherein said light is non-focused light. 

Claim 88 . The apparatus of Claim 78 further comprising a focusing apparatus for 
focusing the light throughout a range of focal lengths extending from a surface of said 
20 tissue to a depth substantially beyond said surface, said source of light and focusing 

apparatus cooperating to promote simultaneous two-photon excitation of said pigment. 



Claim 89 . The apparatus of Claim 78 further comprising an exogenous 
photodynamic agent in said particular volume of tissue, said light being selected in 
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frequency and energy to promote simultaneous two-photon activation of said agent so that 
said agent becomes photoactivated in the particular volume of tissue. 

Claim 90 . The apparatus of Claim 89 wherein said exogenous photodynamic agent 
is selected from the group comprising Rose Bengal, psoralean, indocyanine, Lutex, 
Sn(ET) 2 and various porphyrin derivatives, including porfimer sodium and benzoporphyrin 
derivative. 

Claim 91 . An apparatus for treating a particular volume of tissue containing an 
endogenous pigment, the apparatus comprising: 

a source of light and light delivery apparatus for directing light at and into said 
particular volume of tissue, said light being selected to promote thermal overload of 
pigmented cells in the particular volume of tissue, wherein said thermal overload kills said 
pigmented cells. 

Claim 92 . The apparatus of Claim 91 wherein said source of light is a laser light 
produced by a laser. 

Claim 93 . The apparatus of Claim 92 wherein said laser light comprises a train of 
one or more ultrashort pulses. 



Claim 94. The apparatus of Claim 92 wherein said laser light has a wavelength 
between approximately 450 nm to 1400 nm. 
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Claim 95 . The apparatus of Claim 91 wherein said particular volume of tissue is 
located substantially at the tissue surface. 

Claim 96. The apparatus of Claim 91 wherein said particular volume of tissue is 
5 located substantially below the tissue surface. 

Claim 97 . The method of Claim 1 further comprising the step of heating said 
volume of tissue using said light so to produce a hyperthermic effect and controlling the 
hyperthermic effect by varying the location, irradiance and duration of said light so as to 
10 augment the effectiveness of said photoactivation. 

Claim 98 . The method of Claim 19 further comprising the step of heating said 
volume of material using said light so to produce a hyperthermic effect and controlling the 
hyperthermic effect by varying the location, irradiance and duration of said light so as to 
15 augment the effectiveness of said photoactivation. 

Claim 99 . The method of Claim 1 wherein said photochemical activation of said 
pigment includes conversion of said pigment into a phototoxic product. 

20 Claim 100 , The method of Claim 1 wherein said photochemical activation of said 

pigment includes photobleaching of the pigment in said tissue. 

Claim 101 . The method of Claim 100 wherein said tissue is selected from the 
group comprising moles, freckles, hair follicles and tattoos. 
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Claim 102 . The method of Claim 19 wherein said photoactivated product is a 
phototoxic product. 

Claim 103 . The method of Claim 19 wherein said photoactivation of said pigment 
includes photobleaching of the pigment in said material. 

Claim 104 . The method of Claim 103 wherein said material is selected from the 
group comprising moles, freckles, hair follicles and tattoos. 

Claim 105. The method of Claim 37 wherein said photoactive product is a 
phototoxic product. 

Claim 106 . The method of Claim 37 wherein said photoactivating of said pigment 
includes photobleaching of said pigment in said tissue. 

Claim 107 . The method of Claim 106 wherein said tissue is selected from the 
group comprising moles, freckles, hair follicles and tattoos. 

Claim 108 . the apparatus of Claim 78 wherein said photochemical activation of 
said pigment includes conversion of said pigment into a phototoxic product. 



Claim 109. The apparatus of Claim 78 wherein said photochemical activation of 
said pigment includes photobleaching of the pigment in said tissue. 
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Claim 1 10, The apparatus of Claim 109 wherein said tissue is selected from the 
group comprising moles, freckles, hair follicles, and tattoos. 



5 
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Instrument for Light Therapy 
Description 

The invention concerns an instrument for light therapy, 
consisting of an outer casing with a front section terminated 
with the first hole, in which inner casing with a light 
source, reflector and Brewster polariser consisting of a 
system parallel glass plates lying on each other are located, 
while the output section of the inner casing reaching as far 
as the first hole of the outer casing holds a light filter, 
and with a rear section that changes into the second hole, in 
which fan for generation of pressure difference between both 
holes is located. 

Instruments for light therapy are used to support 
biological processes by means of effects of linear-polarised 
light. Action of the linear-polarised light increases cell 
activity and supports healing processes of various 
disturbances of body surface such as wounds, furuncles and 
various disturbances of epithelium. In the publication 
DE 3220218 an equipment and a method are described for a 
stimulation of biological processes and for activating cells 
by means of linear-polarised light. The Brewster polariser 
consists of a larger number of plane-parallel glass plates 
from common transparent glass inclined under the known 
Brewster angle, e.g. four glass plates with a double number of 
reflection planes that reflect about 35% of incident light. 
The Brewster polariser is placed in a cylindrical cabinet with 
the same diameter as the reflector and lens body. The 
cylindrical cabinet is cut in the axis with an inclined plane 
and glass plates are inserted into the ellipse-shaped cross- 
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section. Rays pass through under an obtuse angle that 
corresponds to the double of the Brewster angle. The linear- 
polarised light has continuous or seemingly continuous 
distribution of spectrum in the usable direction. Despite the 
indisputable healing effects, the bundle of rays generated by 
the light source generates too much heat at higher power 
output that in case of the current configuration cannot be 
satisfactorily removed by means of air from fan. Another 
disadvantage of this appliance is a complicated construction 
of the optical equipment. The publication WO 96/04 958 
describes a healing lamp with a Brewster polariser formed by 
several drawn glass plates lying directly one on the other. 
These glass plates provide better heat removal thanks to a 
close contact of glass plates and thanks to cooling air 
passing through a narrow gap between the casing jacket and 
system of glass plates of the Brewster polariser. Because the 
light space with reflector, light source, glass plates of the 
Brewster polariser and output filter is separated from the 
space, through which air passes, and because flowing air has 
no access between glass plates of the Brewster polariser, the 
polariser is not polluted with dust. The cooling air passes 
through the casing of the instrument and leaves the casing in 
a different direction than to the cured area. The disadvantage 
of this configuration is a complicated manufacture of the 
whole instrument, low efficiency of light reflection and 
impossibility to use the airflow to support the instrument's 
healing effect. The publication DE 3733905 describes a healing 
lamp with linear-polarised light. With this lamp, the 
reflector with a light source generates a bundle of rays that 
impinges on the Brewster polariser made of a larger number of 
plane-parallel glass plates configured next to each other at 
small determined distances. Glass plates are enclosed in a 
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metal plate, whose outer surface is fitted with cooling fins 
as well as the outer surface of the reflector. The healing 
lamp consists of two tubular casings that make an angle that 
corresponds to the Brewster angle. The Brewster polariser is 
located in the cranked section. The straight section is 
tightly closed by means of a filtration insert. The 
disadvantage of the above-described healing lamp is its robust 
construction necessary to achieve a satisfactory light 
performance. Documentation EP 0137005 describes a healing 
illumination instrument consisting of a crank-shaped 
cylindrical casing, whose cranked section accommodates the 
Brewster polariser plates. One of the straight sections of the 
casing holds a light source with reflector, which transmits a 
bundle of rays onto the Brewster polariser plates. The bundle 
of rays reflects from these plates into the second straight 
section of the casing and the light beam leaves the instrument 
at the output hole of the second straight section. This hole 
is arranged around an optical appliance, which can be, for 
example, an optical filter. A fan is located after the 
reflector in the first straight section of the casing. This 
fan causes air to be sucked from the output hole area into the 
second straight section, the air passes through the cranked 
section of the cylindrical casing and a peripheral gap along 
the reflector into the fan that forces the air out from the 
casing through holes in the facing wall of the first straight 
section. The fan can be set to the opposite direction of 
airflow, in which case the air is sucked in through holes in 
the facing wall of the first straight section, passes through 
the fan and is pushed through an annular gap between the 
reflector and casing. Then the air flows along the top plate 
of the Brewster polariser and after changing. the direction in 
the cranked section of the casing, the air flows through the 
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second straight section through annular holes along the 
optical equipment out of the instrument. In case of the latter 
direction of flow, the air flows to the healed area and 
around. However, disadvantage of this instrument is that in 
case of this direction, the air flows directly along the top 
plate of the Brewster polariser and hits the optical equipment 
located in the output hole of the second section and pollutes 
it with dust. Documentation WO 96/04959 describes a healing 
lamp for generation of linear-polarised light that consists of 
an outer casing with a shape of cranked cylinder with holes on 
both sides, and of an inner casing located inside the outer 
casing. The inner casing also has a shape of a cranked 
cylinder. One end of the inner casing is fitted with a 
reflector with a light source transmitting a bundle of rays 
onto plates of the Brewster polariser located at the area of 
cranking of the cylindrical shape of the inner casing. The 
bundle reflects from the plates of the Brewster polariser and 
leaves the instrument through the output hole in the output 
section of the inner casing that terminates at the area of the 
outer casing output hole. An annular gap is formed between the 
output section of the inner casing and the first input hole of 
the outer casing. The fan located in the area of the second 
output hole of the outer casing sucks air that passes through 
this gap into the inner area of the outer casing. The fan 
forces the sucked air out of the outer casing through the 
second output hole. The air flows in the direction from the 
healed area, through the annular gap between the output 
section of the inner casing and the first output hole of the 
outer casing along the reflector and further along the inner 
electrical wiring into the fan and from the fan through the 
hole in the outer casing into the environment, which seems to 
be disadvantageous, because the flowing air is not utilised to 
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increase the healing effects. The sucked air simultaneously 
carries a mass of biological contamination from the healed 
area into the annular gap between the output section of the 
inner casing and the first input hole of the outer casing. 
This biological contamination is undesirably deposited on the 
inner wiring of the instrument. This effect is undesirable, 
because this is a biological contamination, which is a source 
of various infections. Disadvantage of this healing lamp 
according to the above description also is a limited light 
performance and a limited healing effect. The limited light 
performance and healing effect are caused by low efficiency of 
light reflection on the Brewster polariser. The Brewster 
polariser according to the above description consists of 
several layers of drawn glass plates arranged directly on top 
of each other. Purchase costs of floated glass plates are 
high. The reflection efficiency of bundle of rays on the above 
glass plates is low and therefore also the light performance 
of the bundle of rays, that flows out from the output hole of 
the output section of the inner casing onto the healed area, 
is low. The low reflection efficiency of the light bundle on 
the glass plates of the Brewster polariser is caused by 
quality of the surface of drawn glass plates, because during 
production at temperatures in the glass production equipment, 
the drawn glass plates are placed or transported on guide 
plates made of zinc. At high temperatures of plates, zinc 
penetrates into the surface of the processed plates. Even the 
slightest content of zinc in the surface layer causes 
aggravation of the reflection capacity. The same effect also 
appears during the production of glass plates in every other 
method of production, in which guide plates have to be used, 
that with the current state of technology are exclusively made 
to contain zinc. Finally, documentation CZ 8371 describes a 
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Brewster polariser that consists of a system of at least two 
adjoining glass reflection plates, where at least one black 
spacing insert is adjoining to one of its sides. The system of 
glass plates is inserted into the hole in the casing and 
locked together with the black spacing insert. Use of one 
black spacing insert cannot always comply with various 
manufacturing tolerances of glass reflection plates and their 
thermal expansion during operation of the instrument. This 
also causes a play between the glass reflection plates, which 
requires other black spacing inserts of different thickness to 
be used. The aim of the invention is to eliminate the 
disadvantage of the current state of the art and to provide an 
instrument for light therapy that has a higher light 
performance at the output, lower power consumption, generates 
less heat, is more hygienic and does not clog with 
contamination, dos not clog optical equipment located at the 
output with contamination, enables improvement of existing 
healing effects and expansion of functions with massage 
effects, features a simple construction, can be handled more 
easily and features the same or lower demands and costs during 
production and assembly. 

Disadvantages of the state of the art considerably 
eliminates and the aim of the invention meets an instrument 
for light therapy consisting of an outer casing with a front 
section terminated with the first hole, in which inner casing 
with a light source, reflector and Brewster polariser 
consisting of a system parallel glass plates lying on each 
other are located, while the output section of the inner 
casing reaching as far as the first hole of the outer casing 
holds a light filter, and with a rear section that changes 
into the second hole, in which fan for generation of pressure 
difference between both holes is located according to the 
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invention consisting in that the system of glass plates of 
Brewster polariser is created by drawn glass plates with 
surface irregularities defining cavities of unequal shape 
between plates. 

According to advantageous executions of the invention the 
outer side of the system of glass plates can be provided with 
insert with black surface that has profile patterns on the 
side of glass plates, massage ring can be allocated to the 
Brewster polariser, that is located in output section of inner 
casing and/or at the end of front part of outer casing. With 
advantage the massage ring can be provided with flexible 
massage elements, advantageously can be the massage ring 
provided with for generating a magnetic field outside the 
output hole of inner casing. Magnets can have with advantage a 
permanent or an electrical excitation. With advantage the 
massage ring can be a movable part of vibrator located at 
output section of inner casing and/or at the end of front 
section of outer casing. According to an advantageous 
execution there is fan allocated to Brewster polariser whereas 
this fan is set for airflow direction from the second hole of 
outer casing toward its first hole. With advantage there is 
lens allocated to Brewster polariser, which is located in 
output section of inner casing to focus rays reflected from he 
system of glass plates nto the focus located outside outer 
casing on the optical axis of lens. 

The construction is advantageous for improvement of the 
degree of utilisation of the reflected bundle of rays. In this 
construction, the elliptic reflector section is located 
against the parabolic reflector section so that optical axes 
of both reflector sections merge into a single optical axis. 
The light source is located in the primary focus of the 
elliptic reflector section, whose secondary focus is basically 
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identical with that of the parabolic reflector section and the 
size of the elliptic reflector section is considerably smaller 
than that of the parabolic reflector. This system of 
reflectors, in fact, avoids diffuse light. With respect to 
simplification of production and reduction of requirements on 
accuracy of production of glass reflection plates, it is 
advantageous to use a construction, in which the Brewster 
polariser consists of three glass reflection plates that as a 
result of various surface irregularities create unequal gaps 
between each other and are terminated at least with one black 
spacing insert and are jointly inserted into the hole in the 
casing and locked by means of the carrier together with the 
black spacing insert. To enable simple amplification or 
attenuation of irradiation intensity or to regulate the size 
of the illuminated area, it is an advantage that the lens 
consists of a spherical convergent lens, whose focus lies on 
the optical axis in front of the cabinet in the direction of 
the outgoing light. The construction is also advantageous for 
improvement and intensification of programmable healing, 
irradiation and massage effects. According to this 
construction, a massage head is detachably fitted to the 
holder end. At its front part, this head is provided with 
flexible massage elements and is manually and/or electrically 
controlled. Circling motion of the massage head with flexible 
elements over the skin surface improves blood circulation in 
the skin and together with exhaustion of warm air it 
considerably improves the healing irradiation effects and adds 
also massage effects. Electrical control of the massage head, 
e.g. with vibrations, is another improvement of the 
instrument's function that enhances it utilisation in medicine 
and cosmetics. The vibration intensity and cycle length of the 
selected program can be remote controlled and changed by means 
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of program buttons and buttons for amplification and 
attenuation of effects. Holder supports, air deflector for 
guiding air supplied by fan to cool the light source and 
Brewster polarised located within the cabinet are advantageous 
for amplification of the cooling effect. In order to keep 
cleanliness of the sucked air on the airtight construction of 
the optical equipment for guiding, polarisation and filtration 
of light, it is an advantage that air access holes are, covered 
with a replaceable air filter, which helps to prevent 
contamination of the treated body surface areas. Further, it 
is advantageous to use the construction, in which the light 
filter has a colour shade that enables filtration of undesired 
light spectrum components. For use at rehabilitation centres 
when healing post-fracture, operation and burn states, the 
handling of the instrument is simplified so that the 
electrical outfit for the radiated light is fitted with a 
controller of program of healing, irradiation and massage 
functions controlled by means of program buttons and buttons 
for amplification and attenuation of effects with light and/or 
acoustic indication. This enables treatments to be performed 
at outpatient clinics and at beds without any undesired side 
effects. This is achieved by means of construction of the 
cabinet, enhanced construction of the Brewster polariser 
including simplification of glass reflection plates of the 
massage head and by means of introduction of remote control 
featuring a simple operation. The black spacing insert has a 
profiled surface that performs a function ' of a spring and 
flexibly compensates effects of manufacturing tolerances of 
thickness and thermal expansion of the system of glass 
reflection plates so that their tight seating onto each other 
in the hole of the inner casing after assembly is permanently 
guaranteed. Simple designation of the product and manufacturer 
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is facilitated by the fact that the surface of the black 
spacing insert holds a marking, e.g. a trademark that is 
visible when looking into the instrument for light therapy 
against the direction of the outgoing polarised light. Thanks 
to the higher efficiency, the instrument for light therapy 
according to the invention has a considerably higher light 
performance at the output and thus lower power consumption and 
generates less heat at the outer side of glass plates of the 
Brewster polariser, it is more hygienic and does not clog with 
contamination, does not contaminate optical equipment located 
at the output with dust, thanks to devices allocated to the 
Brewster polariser it enables improvement of existing healing 
effects and expansion of functions with mechanical, magnetic 
and optical massage effects, it features a simple 
construction, is easy to handle and features the same or lower 
demands and costs during production and assembly. 

The invention is explained in details by means of 
drawings. Figure 1 shows a longitudinal sectional view of the 
instrument for light therapy according to the invention. 
Figure 2 shows a detail of a longitudinal sectional view of 
glass plates of the Brewster polariser. Figure 3 shows a view 
of output section of the inner casing. Figure 4 shows a 
longitudinal sectional view of the massage ring with flexible 
massage elements. Figure 5 shows a longitudinal sectional view 
of the massage ring with permanent magnets and electromagnets. 
Figure 6 shows a longitudinal sectional view of massage ring 
consisting of a vibrator. Figure 7 shows an example of light 
path of bundle of rays. 

According to Fig. 1, the instrument for light therapy 
consists of an outer casing 1 made of plastic. It is an 
advantage, that this casing is divided into two sections 
longitudinally connected either with screws or by means of 
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latches and clamps. In the longitudinal sectional view, the 
outer casing 1 is shown as a double contour line. Basically, 
the outer casing 1 has a shape of a cranked cylinder with 
front section 120 and rear section 110. Fins not shown in the 
figure hold the inner casing 2 in the front section 120. This 
casing also has the shape of cranked cylinder. The outer side 
of the cranked section holds Brewster polariser 5 consisting 
of a system of drawn glass plates 511 attached to bearing 
plate 510 fitted into inner casing 2. Inner casing 2 is 
provided with hole 211 at one of its end. Shoulder of the hole 
holds reflector 222 that focuses rays generated by light 
source 233 fitted within reflector 222 by means of socket 224 
and partly covered by known method with the other reflector 
221. The other end of inner casing 2 changes into output 
section 230 with output hole 231. The recess (not show in the 
figure) of output section 230 of inner casing 2 holds filter 
61 and lens 6 is located outside filter 61. Filter 61 and lens 
6 are fixed in output section 230 of inner casing 2 by means 
of annular ring 233 of a suitable shape. Annular ring 233 
holds massage ring 240 fitted with massage elements 241. It is 
an advantage that massage elements 241 can be made of a 
flexible material so that contact with the treated area does 
not cause irritation, but a desirable massage. Front section 
120 of outer casing 1 changes into the rear section 110 either 
gradually or in the form of a crank. This rear section 110 
holds fan 3 fitted in the outer casing, for example, by means 
of internal ribs 130. Rear section 110 of outer casing 1 is 
terminated with hole 111 in front of which air filter 112 is 
fitted. Supply cable 41 leading to switchboard 40 is taken 
from controller 42 to rear section 110 of outer casing 1. 
Cables are distributed from here to socket 224 of light source 
223 and to fan 3. With its rear section 110, the instrument 
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for light therapy can be seated in holder 10. Fan intakes air 
through hole 111, the air then passes through air filer 112, 
along blades of fan 3 and then it goes toward reflector 222 of 
light source 233. Socket 224 of light source 223 holds air 
deflector 225 that directs the airflow in the area of 
reflector 222 and brings the air into annular gap 131 between 
inner casing 2 and front section 120 of outer casing 1. Air 
passes through this gap 131 along Brewster polariser 5 and 
along output section 230 of inner casing 2 into the first hole 
121 of front section 120 of outer casing 1 and out of the 
instrument through the first hole 121 in the direction to the 
treated area along massage ring 240. Light rays generated by 
light source 223 impinge on mirror surface of reflector 223 
from which the rays are directed in a bundle to the surface of 
glass plates 511 of Brewster polariser 5, from which the rays 
are reflected under the known Brewster angle and being linear- 
polarised, they pass through filter 61. It is an advantage, 
that lens 6 is located behind filter 61 in the direction of 
rays. This lens focuses rays into the focus located on the 
optical axis of lens 6 outside of inner casing 2. According to 
Figure 2, drawn glass plates 511 are connected into a system, 
in which they are close to each other. Glass plates 511 
manufactured by means of the draw technology have 
irregularities on their surfaces. Thickness of these 
irregularities can vary, but according to experience, it is 
advantageous the thickness to be about 1 mm. Due to air 
humidity, the plates are not self-sticky. There is zero mutual 
distance at contact points of adjacent glass plates 511 and 
the distance can vary in the cavity areas. Glass plates 511 
have cavities 512 of various sizes between them, for example 
only microscopic ones that enable a different refraction of 
light. When the bundle of rays impinges on the first drawn 
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glass plate 511, considerable part of rays is reflected under 
the Brewster angle. Part of the rays pass through the drawn 
glass plate 511 and cavities 512 of various sizes and impinge 
on the second of glass plates 511 under a changed angle as a 
result of light refraction index and depending on the 
thickness of glass plate 511 and cavity 512. Part of these 
rays is reflected back under the angle of incidence and part 
of the rays pass again through the drawn glass plate 511. This 
physical phenomenon repeats on every next glass plate 511 and 
terminates on black insert 520 with profiles on surface 521 
that is bound on the last drawn glass plate 511. Drawn glass 
plates 511 can also have a different thickness. The optimum 
polarisation effect is achieved by means of a suitable 
combination of drawn glass plates 511. This increases 
efficiency of the Brewster polariser while considerably 
decreasing production costs on manufacture of drawn glass 
plates 511. Black insert 520 is seated on bearing plate 510 
inserted into the recess in the hole of inner casing 2. Thanks 
to profiles of surface 521, black insert 521 is flexible and 
thus suitably compensates production tolerances and thermal 
expansion of the system of assembled drawn glass plates 511 so 
that they are permanently in close contact with each other. 
The profiled surface 521 of black plate 520 also enables the 
product to be marked in a simple way. A suitable shape of the 
recess formed in the profiled surface 521 can be used to mark 
instructions for use or manufacturer's trademark etc., because 
the profiled surface 521 is visible during operation of the 
instrument when viewed in the direction against the outgoing 
polarised light. Figure 3 shows the front section 120 of outer 
casing 1, from which collar 233 of output section 230 not 
shown in the figure is protruding from the first section 121. 
According to Figure 4, the simple implementation of massage 
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ring 240 is provided with flexible massage elements 241. 
According to Figure 5, permanent magnets 242 or electromagnets 
243 connected with electrical socket 247 for connection to a 
power supply source are located in the body of massage ring 
240. According to Figure 6, it is an advantage, that massage 
ring 240 is a movable component of vibrator 248. Vibrator 248 
consists of collar 234 as a fixed component embedded in output 
section 230 of inner casing 2 and/or hole 121 of outer casing 
1, further as an example, it consists of flexible attachment 
246, massage ring 240 that forms the movable component and 
tools for generating oscillating motions of massage ring 240 
that, as an example, consist of electromagnets 243 connected 
with electric terminal 247 for connection to electrical power 
supply. The shown flexible attachment 246 is only as an 
example and can also be replaced with push-type attachment of 
massage ring 240 in collar 234 for oscillating motions either 
in axial direction or for rotary-oscillating motions along the 
axis of massage ring 240. When implementing massage ring 240, 
together with light effects it is also possible to perform 
massage of surface of the treated area. Circling or 
oscillating motions of the instrument, when the instrument is 
manual-controlled utilise the advantage of flexible massage 
elements 241. It is an advantage, that the manual control can 
be substituted with a vibrator as mentioned above. It is an 
advantage, that programmable functions of controller 42 can be 
utilised, which enable programmable amplification and 
attenuation of vibrations, light flow, flow speed and 
temperature of the airflow. Exhausting of warm air onto the 
treated area is also important for the healing effect, namely 
because warm air according of the invention is exhausted 
outside the circle formed by massage ring 24.0. According to 
the advantageous implementation of the instrument for light 
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therapy according to Figure 7, reflector 222 has a parabolic 
reflection plane 252. Another elliptic reflector 221 with 
elliptic reflection plane 251 is situated against the 
parabolic reflector 222 so that optical axes 501 and 502 are 
identical. Light source 223 is located in primary focus Fl of 
part of elliptic reflector 221 and whose secondary focus is 
identical with focus F2 of parabolic reflector 222, i.e. with 
the focus of parts of parabolic reflector 222, if the 
reflector is divided into several parts. Reflection plane 251 
of elliptic reflector 221 is considerably smaller than 
reflection plane 252 of parabolic reflector 222. Such 
configuration considerably restricts diffusion of light 
radiated by light source 223. It is an advantage, that after 
passing through filter 61, the bundle of rays reflected from 
the Brewster polariser is focused by lens 6 into focus F3 
located on optical axis 503 outside the outer casing that is 
not shown. The instrument for light therapy can be used not 
only for stimulation of biological processes when healing 
surface wounds on bodies, but also in other branches of 
medicine, cosmetics and biology. It can be used in physical 
treatment in the branch of mouth, jaw and face surgery. 
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Patent claims 

1. The instrument for light therapy, consisting of an outer 
casing with a front section terminated with the first hole, in 
which inner casing with a light source, reflector and Brewster 
polariser consisting of a system parallel glass plates lying • 
on each other are located, while the output section of the 
inner casing reaching as far as the first hole of the outer 
casing holds a light filter, and with a rear section that 
changes into the second hole, in which fan for generation of 
pressure difference between both holes is located, 
consisting in that 

the system of glass plates of Brewster polariser (5) consists 
of drawn glass plates (511) with surface irregularities 
defining cavities (512) of unequal shape between plates (511) . 

2. Instrument for light therapy according to claim 1, 
consisting in that 

the outer side of the system of glass plates (511) is provided 
with insert (520) with black surface that has profile patterns 
on the side of glass plates (511) . 

3. Instrument for light therapy according to claim 1, 
consisting in that 

massage ring (240) is allocated to the Brewster polariser, 
that is located in output section (230) of inner casing (2) 
and/or at the end of front part (120) of outer casing (1) . 
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4. Instrument for light therapy according to claim 3, 
consisting in that 

massage ring (240) is provided with flexible massage elements 
(241) . 

5. Instrument for light therapy according to claim 3, 
consisting in that 

massage ring (240) is provided with magnets (242, 243) for 
generating a magnetic field outside the output hole (231) of 
inner casing (2) . 

6. Instrument for light therapy according to claim 5, 
consisting in that 

magnets (242, 243) are permanent or with electrical 
excitation . 

7. Instrument for light therapy according to claim 4, 
consisting in that 

massage ring (240) is a movable part of vibrator (248) located 
at output section (230) of inner casing (2) and/or at the end 
of front section (120) of outer casing (1) . 

8. Instrument for light therapy according to claim 1-7, 
consisting in that 

there is fan (3) allocated to Brewster polariser (5) . This fan 
is set for airflow direction from the second hole (111) of 
outer casing (1) toward its first hole (121) . 
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9. Instrument for light therapy according to claim 1, 
consisting in that 

there is lens (6) allocated to Brewster polariser (5), which 
is located in output section (230) of inner casing (2) to 
focus rays reflected from he system of glass plates (511) into 
the focus located outside outer casing (2) on the optical axis 
of lens (6) . 
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is adapted to the action spectrum for the inactivation 
of the propionibacterium acne. It has a biostimulating 
effect on the skin cells. 
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PROCESS AND APPARATUS FOR THE COSMETIC TREATMENT OF ACNE VULGARIS 

This invention discloses a process for the cosmetic treatment of acne vulgaris by irradiation 
of the affected skin areas with light and an apparatus for the application of the process. 

A known process uses UV light for the irradiation of the face. This, however, has the 
possible disadvantage of erythema formation or an undesirable oxidation of skin pigments. 

Also known is a treatment with a cream containing approximately 0,5 % benzoyl peroxide. 
The disadvantage of this treatment is possible skin dryness. 

It is an object of the present invention to provide a process and an apparatus for the 
treatment of acne which not only eliminates the known disadvantages but also results in an 
excellent cosmetic effect. 

This task is accomplished in accordance with the invention by applying light from low 
pressure mercury discharge (fluorescent) lamps having two different spectra, one in the 
blue range from 400 to 450 nm, the other in the red range from 580 to 659 nm. 

Irradiation in accordance with the invention does not result in UV damage to the skin nor in 
significant skin dryness. 

Both partial spectra in accordance with the invention are additive. The resulting spectrum is 
adapted to the action spectrum for the inactivation of the propionibacterium acne. It has a 
biostimulating effect on the skin cells. This is caused by the fact that propionibacterium 
acne produces porphyrins which may be excited by short wavelength light. This has a lethal 
effect on the bacteria. 

Light exposure studies were conducted with 61 patients having mild to moderate acne. 
They were treated with blue-red light in accordance with the invention and with blue light. 
The results were compared with white light exposure and treatment with benzoyl peroxide 
cream. 
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Patients were instructed to use the lamps for 15 minutes each day or apply the benzoyl 
peroxide cream twice daily. 

Patient assessment was conducted every four weeks. The results are shown in the 
following table: 



Observation 


Blue / Red 
Light 


Blue Light 


White Light 


Cream 


Doctor 

% 


Patient 

% 


Doctor 

% 


Patient 

% 


Doctor 

% 


Patient 

% 


Doctor 

% 


Patient 

% 


worse/ 
unchanged 


27 


27 


25 


50 


46 


46 


19 


19 


slight/moderate 
improvement 


18 


27 


42 


33 


46 


46 


44 


50 


significant 
improvement 


55 


46 


33 


17 


8 


8 


37 


31 



The number listed under "doctor 11 refers to a doctor's assessment, the number in the 
"patient" column is the patient's assessment after blue light or cream treatment. 

Results show that the best results were obtained with mixed blue / red light in accordance 
with the invention with an average reduction of 66 % in inflammatory and 42 % in non- 
inflammatory lesions. With blue light the reduction was 50 % and 32 %, with white light 
21 % and 0 % and with benzoyl peroxide cream 61 % and 58 %, respectively. 

Investigators assessment showed a significant improvement, 55 % with blue / red light, 
33 % with blue light, 21 % with white light and 37 % with cream treatment. 

Patients assessment showed a significant improvement of 46 % with blue / red light, 16 % 
with blue light, 8 % with white light and 31 % after cream treatment. After light exposure 
dryness was negligible. 
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Fig. 1 

shows the spectral energy distribution of a blue lamp, 
Fig. 2 

that of a red lamp according to the invention, and 
Fig. 3 

shows the action spectrum of the inactivation of propionibacterium acnes. 
Fig. 4 

shows an apparatus for the treatment of acne vulgaris, consisting of a rectangular 
housing 1, a time switch 4 and double-ended fluorescent lamps 5, 6, 7, 8. 

Fig. 5 

shows another embodiment of the apparatus shown in Fig. 4 with housing 2, timer switch 4, 
and single-ended fluorescent lamps 9, 10. 

The apparatus as shown in Fig. 4 is provided with at least one blue and red lamp, each 
having a spectrum in accordance with Figs. 1 or 2, respectively. The lamps are of the 
double-ended low pressure mercury discharge (fluorescent) type, according to IEC 
Publication 60081. The embodiment in Fig. 4 shows four lamps 5, 6, 7, 8, arranged in 
parallel, having a bulb diameter of 15 to 40 mm and a length of 300 to 600 mm. Two of the 
lamps emit in the blue range, the other two in the red part of the spectrum. The 
arrangement of the lamps in the apparatus 1 is such that blue and red lamps alternate. In 
Fig. 4, lamps 5 and 7 have blue, lamps 6 and 8 red emission. 

The embodiment of the apparatus in Fig. 5 shows two single-ended fluorescent lamps 9, 
10, according to IEC Publicaton 60901. Each lamp consists of two legs 12, 13 and 14, 15, 
which are joined together by means of a hollow glass tube 1 1 located opposite the base 
end, or by a U-bent tube sealed to both legs at the end opposite the base. The total length 
of each lamp is between 225 to 414 mm, one leg of each lamp is coated with blue, the other 
leg with red phosphor in accordance with the invention. 
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To increase the irradiation efficiency, an external reflector is provided between each lamp 
and the housing 1, 2 such that the light is preferentially emitted in the forward direction. 
Alternatively, two or more lamps are provided with a common reflector. Still another 
alternative is to apply the reflector as a reflective coating onto the inner bulb wail of a lamp 
between the glass and phosphor coating as internal reflector. 

Penetration depth of red light into the skin increases as from 600 nm up, depending also on 
the type of skin. Further, red light of longer wave lengths has a healing effect. To 
accommodate for this, variation of the intensity ratio of red to blue light can be advisable. 
Such accommodation in accordance with the invention can be effected by use of 
combinations of one blue with three red or one red with three blue lamps alternatively. 

Each lamp can be operated on a dimmable ballast which allows for adjustment of the light 
intensity from 10 to 100 % of the nominal value. 

Blue light and also red light in the 615 to 655 nm region have been found to have a killing 
effect on propionibacterium acne within certain exposure times and red/blue intensity ratios. 
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Claims 

1. 

Process for the cosmetic treatment of acne vulgaris by irradiation of the affected skin areas 
with light characterized by two emission spectra, one in the blue region (A) from 400 to 
450 nm, the other in the red region (B) from 580 to 659 nm. 



2. 

Process according to claim 1, characterized in that the red region (B) is from 580 to 
630 nm. 



3. 

Process according to claim 1 , characterized in that that the red region (B) is from 630 nm 
to 658 nm. 



4. 

Process as defined in claim 1, 2 or 3 wherein the irradiation is conducted once per day for 
about 15 minutes. 
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5. 

Apparatus for the application of the process in accordance with at least one of the 
preceding claims by means of a fixture (1 , 2) having a housing (3) and dimmable ballast for 
each lamp, in which housing at least one lamp (5, 6, 7, 8, 9, 10) and at least one external 
reflector (16) between lamp and housing are arranged, and a timer clock for the limitation of 
exposure time. 



6. 

Apparatus according to claim 5, having four double-ended low pressure mercury vapor 
(fluorescent) lamps (5, 6, 7, 8) which are arranged essentially in parallel to each other, with 
a bulb diameter of 1 5 to 40 mm and a length of 300 to 600 mm of which two (5, 7) emit in 
the blue region and two (5, 8) in the red region. 



7. 

Apparatus according to claim 5 or 6, wherein the lamps are arranged such that blue (5, 7) 
and red (6, 8) lamps alternate. 



8. 

Apparatus according to claim 5 or 6 wherein one blue and three red emitting lamps are 
arranged. 
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9. 

Apparatus according to claim 5 or 6 wherein one red and three blue emitting lamps are 
arranged. 



10. 

Apparatus according to claim 5 incorporating two single-ended low pressure mercury vapor 
(fluorescent) lamps according to IEC Pbulication 60901, having two legs which are joined 
together by means of a hollow glass tube (1 1) or by a U-bent tube sealed to both legs of 
each lamp, having a length of 225 to 414 mm. 



11. 

Apparatus according to claim 10, wherein one leg of each lamp emits in the blue region and 
the other leg in the red region of the spectrum. 



12. 

Apparatus according to claim 10 incorporating one lamp having two blue emitting legs and 
one lamp having a blue and a red emitting leg. 
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13. 

Apparatus according to claim 10 incorporating one lamp having two red emitting legs and 
one lamp having a blue and a red emitting leg. 



14. 

Apparatus according to claim 6 and 7, wherein the reflector is applied as internal reflective 
coating onto the inner bulb wall of each lamp (5, 6, 7, 8, 9, 10). 
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Fig. 1 
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Fig . 2 
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Fig. 3 



Action spectrum of the inactivation of the Proplonibacterium acnes 
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Fig. 4 
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Fig. 5 
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WO 00/40266 PCT/US99/29974 
TARGETING OF SEBACEOUS FOLLICLES AS A TREATMENT 

OF SEBACEOUS GLAND DISORDERS 

BACKGROUND OF THE INVENTION 

Skin disorders, such as acne, can be irritating and embarrassing. The major 
disease of skin associated with sebaceous follicles, is acne vulgaris. This is also the most 
common reason for visiting a dermatologist in the United States. There are many 
treatments, but no cures for acne. These include antibiotics (which inhibit growth of p. 
acnes bacteria which play a role in acne), retinoids such as Accutane® (isotetinoin, which 
reduces sebaceous gland output of sebum), and antimicrobials such as benzoyl peroxide. 
Acne lesions result from the rupture of a sebaceous follicle, followed by inflammation 
and pus (a "whitehead"), or by accumulation of plugged material in the sebaceous follicle 
(a "blackhead"). This pathophysiology has two major requirements: (1) plugging of the 
upper portion of the follicle, and (2) an increase in sebum production. The upper portion 
of the follicle, i.e., the "pore" into which sebum is secreted and which is directly in 
communication with the skin surface, is called the infundibulum. A plug forms in the 
infundibulum from cells, sebum, bacteria, and other debris. The sebaceous gland 
continues to produce sebum (an oily fluid), stretching the infundibulum until either it or 
some lower portion of the follicles ruptures. 

Generally, only a minority of sebaceous hair follicles on the face and upper back 
develop acne lesions. Therefore, it is likely that some structural differentiation 
predisposes a fraction of the follicles to develop acne. In most males, acne is worst in the 
teenage years and then subsides, suggesting that a subpopulation of follicles may be 
present which ultimately self-destruct, In women, teenage acne is often followed by 
menstrual acne flares well into adulthood. Since both plugging of the infundibulum and 
high sebaceous gland activity are necessary for an acne lesion to develop, it is likely that 
the predisposing factors for the follicles which become infected are (1) an infundibulum 
shape which is easily plugged, and/or (2) a hyperactive sebaceous gland. 

Unlike medical dermatology, most laser dermatology treatments are actually 
"cures" — producing a permanent anatomic, microsurgical effect on the skin. This 
includes skin resurfacing, portwine stain treatment, tattoo and pigmented lesion removal, 
and hair removal. Selective photothermolysis or controlled skin ablation with lasers or 
other extremely intense light sources, might therefore be capable of curing skin disorders, 
such as acne, if appropriately targeted to the primary site(s) of pathophysiology. 



WO 00/40266 



-2- 



PCT/US99/29974 



SUMMARY OF THE INVENTION 

The present invention is based, at least in part, on the discovery that energy 
activatable materials, such as chromophores, described infra, in combination with an 
energy source, e.g., photo (light) therapy, can be used to treat sebaceous gland disorders, 
e.g., eliminate, inhibit, or prevent occurrence or reoccurrence of the skin disorder. A 
preferred example of such a sebaceous gland disorder is acne. 

The present invention pertains to methods for treating skin disorders associated 
with sebaceous follicles by topically applying an energy activatable material to a section 
of skin afflicted with a sebaceous gland disorder, wherein the material is activated by 
energy which penetrates outer layers of epidermis. A sufficient amount of the material 
infiltrates the afflicted section of skin and is exposed to sufficient energy to cause the 
material to become photochemically or photothermally activated, thereby treating the 
sebaceous gland disorder. In one embodiment, the sebaceous gland disorder is acne. 
Suitable energy sources include flash lamp based sources and lasers, such as Nd: YAG, 
Alexandrite, flash lamp-pumped dyes and diodes. Alternatively, the energy source can 
also be a continuous wave energy source. In preferred embodiments, the energy 
activatable material is a laser sensitive chromophore, e.g., a chromophore which is 
capable of being photostimulated by a laser, e.g., a dye. In a particularly preferred 
embodiment, the chromophore is methylene blue. 

The present invention also pertains to methods for modifying the opening to the 
infundibulum by topically applying an energy activatable material to the opening to the 
infundibulum, wherein the material is activated by energy which penetrates outer layers 
of epidermis. Preferably, the perfusion of the material into the pore opening and/or 
sebaceous gland is increased by iontophoresis. A sufficient amount of the material 
infiltrates spaces about the infundibulum and the infundibulum is exposed to sufficient 
energy to cause the material to become photochemically or photothermally activated, 
thereby modifying the opening to the infundibulum. In one embodiment, the opening to 
the infundibulum is enlarged. In another embodiment, the opening to the infundibulum is 
decreased. In still another embodiment, the opening to the infundibulum is altered such 
that pore pluggage will not occur, e.g., the infundibulum is reshaped such that excess 
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sebum, oils, dirt and bacteria will not cause pore pluggage to occur, resulting in a black 
head (comedon) or white head (milium). 

The present invention also pertains to methods for down regulating, e.g., 
decreasing, the oil/lipid output production of the sebaceous gland. Application of the 
energy activatable material to the pilosebaceous unit, e.g., the sebaceous gland, followed 
by stimulation by an energy source can cause selective permanent physical alteration to 
the sebaceous gland and/or follicle such that surrounding tissue remains unaffected. The 
physical alteration to the sebaceous gland and/or follicle results in diminished production 
of sebum. 

The present invention further pertains to methods for modifying the pilosebaceous 
unit by topically applying an energy activatable material to the pilosebaceous unit, 
wherein the material is activated by energy which penetrates into the dermis and into the 
outer layers of epidermis. A sufficient amount of the material infiltrates the 
pilosebaceous unit and the pilosebaceous unit is exposed to sufficient energy to cause the 
material to become photochemically or photothermally activated, thereby modifying the 
pilosebaceous unit. In one embodiment, the pilosebaceous unit is treated such that sebum 
production is diminished. A decrease in pore pluggage can occur, as a result of the 
diminishment of sebum production. In one preferred embodiment, treatment of the 
pilosebaceous unit by the present invention results in elimination of pore pluggage, e.g., 
the pilosebaceous unit is treated such that excess sebum, oils, dirt and bacteria will not 
cause pore pluggage to occur, resulting in a black or white head. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The file of this patent contains at least one drawing executed in color. Copies of 
this patent with color drawings will be provided by the Patent and Trademark Office upon 
request and payment of the necessary fee. 

Figure 1 is a cross-sectional view of hair shafts with pore pluggage and energy 
activatable material. 

Figure 2 is a cross-sectional view of a plugged follicle after an energy activatable 
material has been allowed to penetrate the follicle and sebaceous gland. 

Figure 3 is a cross-sectional view of hair shafts which include an energy 
activatable material during irradiation with an energy source, e.g., a laser. 
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Figures 4a and 4b are cross-sectional views of hair shafts where the pore opening 
and infundibulum are modified by the process of the invention. 

Figures 5a and 5b are cross-sectional views of hair shafts where sebaceous glands 
are modified by the process of the invention. 

Figures 6a and 6b are cross-sectional views of hair shafts where debris within the 
pore is removed by the process of the invention. 

Figures 7a and 7b are cross-sectional views of hair shafts where the pore opening, 
infundibulum and sebaceous glands are modified by the process of the invention and 
where debris within the pore is also removed. 

Figure 8 depicts methylene blue which has been iontophoretically administered 
into the sebaceous glands and/or infundibulum of an individual. 

Figure 9 depicts light microscopy of blue staining of the epidermis, sebaceous 
glands and hair follicles. 

Figure 10 is a color photograph depicts light microscopy of blue staining of the 
epidermis, sebaceous glands and hair follicles. 

DETAILED DESCRIPTION OF THE INVENTION 

The features and other details of the invention will now be more particularly 
described and pointed out in the claims. It will be understood that the particular 
embodiments of the invention are shown by way of illustration and not as limitations of 
the invention. The principle features of this invention can be employed in various 
embodiments without departing from the scope of the invention. 

The present invention is based, at least in part, on the discovery that energy 
activatable materials, such as chromophores, described infra, in combination with an 
energy source, e.g., photo (light) therapy, can be used to treat sebaceous gland disorders, 
e.g., eliminate, remove, or prevent occurrence or reoccurrence of the sebaceous gland 
disorder. Examples of such sebaceous gland disorders include sebaceous gland 
hyperplasia, acne vulgaris and acne rosacea. A preferred example of such a sebaceous 
gland disorder is acne. 

In one aspect, the present invention is drawn to methods for treating sebaceous 
gland disorders by topically applying an energy activatable material to a section of skin 
afflicted with a sebaceous gland disorder. The energy activatable material is energetically 
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stimulated by an energy source. For example, the energy activatable material can be a 
chromophore which absorbs at least one frequency band of energy which penetrates outer 
layers of epidermis. A sufficient amount of the material infiltrates the skin and the 
section of skin is exposed to at least one frequency band of energy so as to impart, to the 
material, sufficient energy to cause the material to become photochemically or 
photothermally activated which brings about a physiological change, thereby treating the 
sebaceous gland disorder. In one embodiment, the sebaceous gland disorder is acne. 
Suitable energy sources include a wide range of electromagnetic sources including, 
energy emitted by the sun, Rf (radio frequency) energy, energy from microwave 
generators, ultraviolet light generators, flash lamp based sources and lasers, such as Nd: 
YAG, Alexandrite, and flash lamp-pumped dyes and diodes. Alternatively, the energy 
source can be a continuous wave energy source. In preferred embodiments, the energy 
activatable material is a laser sensitive chromophore, e.g., a chromophore which is 
capable of being photostimulated by a laser. In a particularly preferred embodiment, the 
chromophore is methylene blue. 

The present invention also pertains to methods for modifying the opening to the 
infiindibulum by topically applying an energy activatable material to the opening to the 
infundibulum, wherein the material absorbs at least one frequency band of energy which 
penetrates outer layers of epidermis. A sufficient amount of the material infiltrates spaces 
about the infundibulum and the section of skin is exposed to at least one frequency band 
of energy so as to impart to the material, sufficient energy to cause the material to become 
photochemically or photothermally activated, thereby modifying the opening to the 
infundibulum. In one embodiment, the opening to the infundibulum is altered such that 
pore pluggage will not occur, e.g., the infundibulum is reshaped such that excess sebum, 
oils, dirt and bacteria will not cause pore pluggage to occur, resulting in a blackhead 
(comedon) or white head (milium). In a preferred embodiment, the opening to the 
infundibulum is opened. 

The present invention further pertains to methods for modifying the pilosebaceous 
unit by topically applying an energy activatable material to the pilosebaceous unit, 
wherein the material absorbs at least one frequency band of energy which penetrates outer 
layers of epidermis. A sufficient amount of the material infiltrates the pilosebaceous unit 
and the section of skin is exposed with at least one frequency band of energy so as to 
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impart to the material, sufficient energy to cause the material to become photochemically 
or photothermally activated, thereby modifying the pilosebaceous unit. In one 
embodiment, the pilosebaceous unit is treated such that sebum production is diminished, 
thereby resulting in decreased pore pluggage. In one preferred embodiment, treatment of 
the pilosebaceous unit by the present invention results in elimination of pore pluggage, 
e.g., the pilosebaceous unit is treated such that excess sebum, oils, dirt and bacteria will 
not cause pore pluggage to occur, resulting in a black or white head. 

Sebaceous glands are components of the pilosebaceous unit. They are located 
throughout the body, especially on the face and upper trunk, and produce sebum, a lipid- 
rich secretion that coats the hair and the epidermal surface. Sebaceous glands are 
involved in the pathogenesis of several diseases, the most frequent one being acne 
vulgaris. Acne is a multifactorial disease characterized by the occlusion of follicles by 
plugs made out of abnormally shed keratinocytes of the infundibulum (upper portion of 
the hair follicle) in the setting of excess sebum production by hyperactive sebaceous 
glands. Various treatment modalities for acne exist that aim in modifying the rate of 
sebum secretion by the sebaceous glands (e.g., retinoids), inhibiting the bacterial 
overgrowth in the follicular duct (antibiotics), or decreasing the inflammation of acne 
lesions (anti-inflammatory agents). Most of these agents are not curative of acne and 
simply control the disease by affecting one of the aforementioned pathogenic factors. 
Oral retinoids are a notable exception: they are potent drugs that can achieve a significant 
cure rate for acne, but their side effect profile often limits their use. Advantages of the 
present invention include that treatment can permanently alter the pilosebaceous unit, 
rendering it no longer susceptible to pore pluggage without the side effects associated 
with oral retinoids. 

The term "sebaceous gland disorders 1 ' is intended to include those sebaceous 
gland disorders which can be treated by an energy activatable material. The energy 
activatable material can be a photothermally or photochemically activatable, e.g., 
reactive, material which is susceptible to photoactivation or stimulation, e.g., light, i.e., 
laser stimulation. The activation or excitation of the material generates reactive species, 
such as radicals, which can interact with the site of pore pluggage, inflammation, bacteria, 
viruses, etc. and promote, for example, oxidation of those agents which are associated 
with the disorder. Examples of sebaceous gland disorders which can be treated by the 
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methods of the invention include sebaceous gland hyperplasia, acne vulgaris and acne 
rosacea. Of particular importance is treatment of acne by the method of the invention. 

The term "pluggage" is intended to obstruction of the pores by the buildup of 
sebum, dirt, bacteria, mites, oils, and/or cosmetics in the pore, e.g., about the 
infimdibulum. 

The term "acne" is art recognized and is intended to include acne vulgaris and 
acne rosacea. Acne vulgaris the most common skin disease seen in dermatologic practice 
which affects approximately 17 million people in the United States. Its precise cause is 
unknown, although abnormal keratin production with obstruction of the follicular 
opening, increased production of sebum (lipids secreted by the androgen-sensitive 
sebaceous glands), proliferation of Propionibacterium acnes (anaerobic follicular 
diphtheroids), follicular rupture and follicular mites (demodex) are commonly associated 
with acne. 

Skin conditions such as acne are believed to be caused or exacerbated by 
excessive sebum flow produced by sebaceous glands most of which are adjacent to and 
discharge sebum into, hair follicles. Sebum is composed of keratin, fat, wax and cellular 
debris. Sebum forms a moist, oily, acidic film that is mildly antibacterial and antifungal 
and may to some extent protect the skin against drying. It is known that the bacteria 
which contribute to acne, Propionibacterium acnes or (P-acnes), grows in sebum. 
Significant sebum flow in humans begins at puberty. This is when acne problems 
generally arise. 

The phrase "energy activatable material" is intended to include those agents 
which, when stimulated by energy from an energy source, e.g., a laser source, become 
energetically stimulated, e.g., photothermally or photochemically. These materials can be 
stimulated by various energy sources, e.g., electromagnetic sources, such as a continuous 
wave source, a laser source, flashlamp, ultraviolet light, microwaves, infrared light, etc. 
The material absorbs the energy which causes the material to become thermally or 
chemically active. 

Suitable materials useful in the invention include metal oxides, such as aluminum 
oxide, iron oxides, carbon particles (graphite and amorphous carbon particles) and natural 
and synthetic chromophores. The term "chromophore" is art recognized and is intended 
to include those compounds which absorb energy at a given wavelength, often by sites of 
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unsaturation, carbon-oxygen bonds, and/or charged species, or combinations thereof. 
Suitable chromophoric groups include nitro groups, azo, quinoids, alkylene units, 
carbonyls, esters, alkynes, aldehydes, carboxylic acids, and those groups associated with 
n®7c and 7i®7t transitions. Preferred energy activatable materials include laser sensitive 
dyes, for example, methylene blue, indocyanine green and those in U.S. Patent No. 
4,651,739, issued March 24, 1987, the entire contents of which are incorporated herein by 
reference. Preferred dyes are those dyes which are activated by laser stimulation. 
Preferred laser sensitive dyes are those which are FDA approved. A preferred dye, a laser 
sensitive dye, is methylene blue. In one embodiment, the laser sensitive dye is not 
indocyanine green. In another embodiment, the energy activatable material is not carbon 
particles. 

The energy activatable materials of the present invention undergo energetic 
activation, by photothermal or photochemical stimulation. The term "photothermal" 
interaction (excitation or stimulation) is art recognized and is intended to include 
interactions which are due to conversion of energy into heat. Photothermal activation of 
an energy activatable material causes the material to be heated, thereby heating the local 
area, preferably selectively with a significant temperature increase of such that unwanted 
material, e.g., tissues, oils, bacteria, viruses, dirt, etc. such that the surrounding tissue 
remains unaffected The photothermally activated material can form biologically reactive 
products. Photothermal processes can involve oxidation of, for example, cell walls, 
extracellular matrix components, nuclei, etc. As a result of photothermal stimulation, the 
infundibulum can be reshaped as a result of collagen shrinkage. Additionally, the process 
can cause cell death in the sebaceous gland, thereby decreasing production of sebum. 

The term "photochemical" is art recognized and is intended to include molecular 
bond breaking where one or more absorbed photon excites the molecule to a higher 
electronic, vibrational, or rotational state. Photochemical stimulation of an energy 
activatable material causes the material to enter an excited energy state wherein energy is 
absorbed, e.g., by the chromophore, whereby bonds within the energy activatable material 
are broken and forms reactive by products such as radical species. These reactive by 
products can interact with the localized surrounding tissue area such that the tissue is 
cleansed of unwanted material, e.g., oils, bacteria, viruses, dirt, etc. As a result of 
photochemical stimulation, the infundibulum can be reshaped as a result of collagen 
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shrinkage. Additionally, the photochemical process can cause cell death in the sebaceous 
gland, thereby decreasing production of sebum. 

The photochemically activated material can return to the ground state or it can 
decompose into biologically reactive fragments. Photochemical processes can involve 
oxidation or radical polymerization of, for example, cell walls, extracellular matrix 
components, nuclei, etc. 

Photochemical activation of energy activatable materials can be achieved over 
long time periods with energy of low intensity. For example, treatment of sebaceous 
gland disorders could be treated with an energy activatable material contained in a cream 
or lotion applied to the skin prior to long periods of exposure to the sunlight, e.g., while 
participating in sports or sitting on the beach. 

The energy activatable materials of the present invention do not undergo 
fragmentation or vaporization such that the energy activatable material causes photo- 
mechanical destruction of the surrounding tissue, e.g., the energy activatable materials do 
not undergo violent decomposition, i.e., the energy activatable materials do not explode. 
Preferably, therefore, the energy activatable material is subjected to a sufficient energy 
which causes the energy activatable material to be photochemically or photothermally 
stimulated without violent decomposition and harm to surrounding tissue (See for 
example Ton G. van Leeuwen et al. Optical-Thermal Response of Laser-Irradiated 
Tissue, "Pulsed Laser Ablation of Soft Tissue 1 ' ed. A. J. Welch and M.J. C. van Gemert, 
Chapter 21, pg 709, Plenum Press, New York, 1995). 

Not to be limited by theory, stimulation of the energy activatable material, e.g., a 
chromophoric agent, can cause oxidation and decomposition of the unwanted material(s), 
thereby degrading and removing unwanted material from the pore. Additionally, this 
treatment can also cause the opening to the infundibulum to become modified, e.g., the 
pore opening is enlarged or the pore opening is constricted or closed. Consequently, 
alteration of the pore opening, such as enlargement of the pore opening, a change in the 
pore shape, or constriction of the pore opening prevents unwanted dirt, bacteria, viruses 
and/or oils from building up in the treated area, e.g., the infundibulum. 

Photothermal alteration of the sebaceous gland, the follicle infundibulum, or both 
requires the deposition of sufficient energy to cause local heating to temperatures capable 
of cell killing (e.g., killing of sebocytes, stem cells, or bacterial cells), protein 
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denaturation (e.g., denaturation of basement membranes and/or perifollicular collagen), or 
vaporization of tissue. In general, these temperatures range from about 60 - 100°C for the 
first two effects, and somewhat over 100°C (e.g., about 120°C) for vaporization of tissue. 
The amount of a light-absorbing dye which must be present for a given local 
5 fluence of a pulse of optical energy to cause these photothermal effects, can be 

determined by considering the basic principles of selective photothermolysis. If the pulse 
of optical radiation is delivered within the thermal relaxation time for the target structure, 
heat flow from the target is limited during the pulse. The preferred pulse duration is 
therefore about equal to or less than the thermal relaxation time of the given target, which 

10 measured in seconds is approximately equal to the square of the targets shortest 

dimension measured in millimeters. For example, the infundibulum portion of most 
sebaceous follicles on the face is approximately 0.3 mm in diameter, which corresponds 
approximately to a thermal relaxation time of about 0.1 seconds (100 ms). 

The sebaceous gland is similar in diameter, but may on the nose be as large as 

1 5 1 mm. Although thermal confinement is achieved with pulses shorter than the targets 

thermal relaxation time, very short pulses cause unwanted mechanical injury which can 
rupture the follicles. For example, the method of Tankovich, U.S. Patents 5,752,949, 
5,425,728, 5,226,907 and 5,752,948, employs explosive, photomechanical mechanism to 
damage hair follicles. Skin eruption has been observed on patients with an acne-like skin 

20 caused by the Tankovich treatment. 

The fatty acids, sebum, and bacteria present in sebaceous follicles is extremely 
irritating if not contained by the follicle. In acne vulgaris, rupture of the follicle is the 
event which stimulates inflammation to form a "pimple", including accumulation of pus 
to form a "whitehead". It is therefore desired to avoid rupture of the follicle or sebaceous 

25 gland. Such mechanical injury can be avoided by using pulses longer than about 

0.1 milliseconds. Thus, the preferred range of pulse duration is 0.1 - 100 ms, and the 
ideal pulse duration is about 10-50 ms. 

When thermal confinement during the pulse is achieved, the local temperature rise 
is given approximately by AT = Eju(pc)- 1 , where E is the local fluence at the target, is 

30 the local absorption coefficient of the target, and pc is heat capacity of the target. It is 

highly preferred to use wavelengths of the optical spectrum in which natural skin 
pigments exhibit weaker absorption (to minimize heating at other sites), and which 
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penetrate well to the anatomic depth of the infiindibulum and/or sebaceous glands. The 
orange, red, and near-infrared wavelength region (600 - 1200 nm) is therefore most 
appropriate. At these wavelengths, there is very little absorption by natural skin pigments 
other than melanin. 

Melanin is often present in coarse hairs, but in general is absent or nearly absent 
in the vellus hairs present in the sebaceous follicles associated with acne vulgaris. The 
exception to this is when a "blackhead" (an open comedo) is present, which consists of a 
plugged sebaceous follicle containing melanin or melanin-like oxidized substances which 
absorb light. To a reasonable approximation, therefore, there is no optical absorption in 
the 600 - 1200 nm wavelength region in most sebaceous follicles. The tolerable fluence 
for human skin of an optical pulse in this part of the spectrum is about 5-100 J/cm 2 , 
depending on the amount of epidermal melanin and on wavelength. Skin surface- 

cooling methods can also be used to increase this tolerable fluence. Ideally, an amount of 
dye can be taken up by the sebaceous follicle such that a pulse delivering less than 
100 J/cm 2 can produce desired photothermal effects. The target absorption coefficient, \x 9 
is approximately equal to 2.3, times the local molar concentration [d] of the dye in the 
follicle, times the molar extinction coefficient e for that dye. The value of pc for most 
tissues is about 4 Jcm^O 1 . Many dyes have molar extinction coefficients of 10 3 -10 5 M- 

From this information, the local dye concentration needed in the follicle can be 
estimated, and used to direct therapy. For example, to reach a temperature of 
approximately 80°C, a temperature rise AT would be about 50°C because the ambient 
skin temperature is typically about 30°C. At a fluence of E = 10 J/cm 2 (easily tolerated 
by most skin types), the local value of fi must therefore be about jli = ATpc/E = 
(50)(4)(10), or 20 cm" 1 . The concentration of a dye to achieve this absorption coefficient 
at the target, can be determined. Preferred dyes such as methylene blue have molar 
extinction coefficients about s = 10 4 M^cnr 1 , which require uptake to a dye concentration 
[d] in the follicle of about [d] = fi/(2.3s) = 20/(2.3 x 10 4 ), or about 10- 3 M. 

Thus, about 1 mM concentration of these dyes is sufficient to achieve the desired 
photothermal effects to inhibit acne vulgaris. Because a factor of 10 was allowed in the 
tolerable fluence in the above example, it would be possible (minimally) to practice the 
invention with values of n as low as about 2 cm- 1 , corresponding to dye concentration of 
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about 0.1 mM (100 |LiM). However, it is preferred in practice to provide a safety margin 
between the fluence necessary for the desired photothermal effect on sebaceous glands 
and/or infundibulum, and the maximum fluence tolerated by human skin. The preferred 
dye concentration in the follicle infundibulum and/or sebaceous gland is therefore greater 
5 than 0.1 mM for most of the preferred dyes, and more generally a sufficient concentration 

to achieve a local absorption coefficient of greater than about 10 cnr 1 . 

Preferably, the energy source produces an exposure area of between about 3 to 
about 100 millimeters to treat a section of skin afflicted with a sebaceous gland disorder, 
as described above. The fluence is limited such that the skin is not damaged while the 

10 sebaceous gland disorder is treated, e.g., eradicated, inhibited, or prevented. The fluence 

is controlled such that localized destruction to the undesired sebaceous gland disorder 
occurs with little or no non-specific necrosis of surrounding tissue. For example, at 755 
nm, up to 100 J/cm 2 can be administered to a very fair Caucasian individual without 
damage to the skin. The amount of energy a darker skin could tolerate without damage to 

15 the skin would be less. A person having skill in this art can ascertain the amount of 

energy and type of energy to be expended to achieve the results desired. 

Suitable energy sources include light-emitting diodes, incandescent lamps, xenon 
arc lamps, lasers or sunlight. Suitable examples of continuous wave apparati include, for 
example, diodes. Suitable flash lamps include, for example pulse dye lasers and 

20 Alexandrite lasers. Representative lasers having wavelengths strongly absorbed by 

chromophores, e.g., laser sensitive dyes, within the epidermis and infundibulum but not 
sebaceous gland, include the short-pulsed red dye laser (504 and 510 nm), the copper 
vapor laser (511 nm) and the Q-switched neodymium (Nd):YAG laser having a 
wavelength of 1064 nm that can also be frequency doubled using a potassium 

25 diphosphate crystal to produce visible green light having a wavelength of 532 nm. 

Further examples of lasers which are suitable for use as energy sources include those in 
the following table of lasers: 



30 
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Types of Laser 



Commercial Laser Types, Organized by Wavelength 



waveiengin, jam 


lype 


Output type and power 


0.523 


Doubled Nd-YLF 


Pulsed, watts 


0.532 


Doubled Nd-YAG 


Pulsed to 50 W or CW to watts 


0.534, 0.538 


He-Cd 


CW, milliwatts, in white-light laser 


0.5435 


He-Ne 


CW, 1-mW range 


0.578 


Copper vapor 


Pulsed, tens of watts 


400-700 nm 


Pulsed Dye 


tens of Joules 


514.5 nm 


Ar Ion 


tens of watts 


530.9 nm 


Krlon 


approximately 5 watts 


750-900 nm 


GaAIAs semiconductor 


tens of watts depending on number 




diode array 


of elements 


1060 nm 


Nd:YAG 


tens of watts 



Another desirable property of thermal and photochemical energy activatable 
material is an absorption spectrum in the range of 600-1300 nm; this minimizes 
surrounding blood from absorbing light intended for the material (hemoglobin absorbs 
most strongly at the violet end of the spectrum). 

The depth of penetration of the energy, e.g., light, emitted from the energy source, 
such as a laser, is dependent upon its wavelength. Wavelengths in the visible to near JR 
have the best penetration and are therefore best for use to treat the sebaceous gland and 
infundibulum located within the dermis. 

Photochemical cell killing preferably uses chromophores with peak absorbance in 
the 600-1300 nm range. Whether photostability is important depends on the mechanism 
of photochemical cell killing. For example, chromophores which kill by the interaction 
with oxygen to produce singlet state oxygen, high photostability is desirable, so that such 
production continues for as long as possible before the chromophore breaks down. 

For chromophores which kill by virtue of the degradation of the chromophore to a 
toxic reaction product, photostability is generally not desired, since the breakdown of the 
chromophore is the process which achieves the desired effect. 

In the present process, selective photoactivation is employed whereby an energy 
(light) source, e.g., a laser, is matched with a wave-length to the absorption spectrum of 
the selected energy activatable material, preferably a chromophoric agent, e.g., methylene 
blue at 661 nm. For example, an energy activatable material, adapted to accumulate 
selectively in the infundibulum and/or the sebaceous gland, is first applied to the region 
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of afflicted skin to be treated. Following absorption of the energy activatable material, 
the accumulated material, is exposed to an energy source, e.g., a laser, capable of 
producing a wavelength readily absorbed by the energy activatable material thereby 
selectively photothermally heating or photochemically treating those regions of the 
dermis known to have trapped oils, bacteria, viruses, dirt, etc. i.e., the pilosebaceous unit 
which includes the pore opening, infundibulum and sebaceous gland. Because the energy 
activatable material is selectively concentrated within or about these undesired deposits, 
the deposits are degraded by the heat and/or radical species generated from the energy 
activated material. There is minimal to no destruction of normal adjacent epidermal and 
dermal structures. 

Preferably, the treatment of the invention modifies the pore opening to the 
infundibulum such that the geometry, e.g., the shape, of the opening is permanently 
altered. Adjustment of the concentration of the energy activatable material and the 
amount of energy applied by the energy source effects constriction, closure, or opening of 
the pore, thereby preventing accumulation of dirt, oils, bacteria, or viruses in that follicle. 
The operator will need to assess the parameters to illicit the desired effect and will be 
determined on a patient by patient basis. Generally, it is most desirable to alter the shape 
of the pore, leaving the pore enlarged and no longer prone to buildup of sebum and/or 
foreign materials which would cause pore pluggage. 

As previously stated, the present invention involves the use of energy sources, 
e.g., lasers, to target sebaceous glands and cause their photothermal or photochemical 
destruction. Sebaceous glands are mainly composed of amorphous lipid material and do 
not contain any obvious endogenous chromophores. In order to achieve selective 
photocoagulation of sebaceous glands and confine the extent of thermal injury in the 
surrounding tissue, a topically applied energy activatable material with selective 
distribution to the pilosebaceous unit can be utilized. The introduction of a energy 
activatable material in sebaceous glands followed by exposure to energy (light) with a 
wavelength that corresponds to the absorption peak of the chromophore, will increase the 
local absorption of light in tissue and lead to selective thermal damage of sebaceous 
glands. 

The infundibulum is a critical site in the pathogenesis of many of the disease 
states, especially acne. There is evidence that abnormal proliferation and desquamation 
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of infundibular keratinocytes leads to the formation of microcomedones and, later on, to 
clinically visible follicular "plugs" or comedones. Clinically, it appears that some 
sebaceous follicles are more prone than others to develop acne lesions, possibly due to an 
inherent structural difference or functional abnormality of the infundibulum, that 
predisposes them to form plugs and occlude. The self-resolving nature of acne in most 
patients may reflect the elimination of such "acne-prone" follicles which are eventually 
replaced by normal skin or fibrosis after repeated bouts of inflammation. If the 
architecture of the infundibulum is important in the pathogenesis of acne, then selective 
destruction of this portion of the follicle through energy activatable material-assisted 
energy, e.g., laser, targeting can help eliminate or correct the "pathologic" site by creating 
a distended follicular opening that is able to extrude any occluded material. 

The process of selective energy activation according to the present invention uses 
energy sources, e.g., light, e.g., lasers, matched to a particular energy activatable material. 
In the case of photothermal activation, to facilitate temperature rise, the pulse duration 
time period should be shorter than that of the thermal relaxation time for the energy 
activatable material. The thermal relaxation time is defined as the time it takes for a 
structure to cool to 50% of its peak temperature immediately following exposure to a 
light source capable of providing enough energy to photoactivate the chromophore. 
Therefore, selective treatment of those dermal regions containing an energy activatable 
material, e.g., a laser sensitive dye, will occur when exposed to millisecond light pulses. 
A laser delivering pulses in the range of 1 to 50 milliseconds (ms) has been found to 
adequately photoactivate energy activatable materials, such as carbon particles, iron oxide 
particles and laser sensitive dyes, e.g., chromophoric materials, deposited within the hair 
follicle matrix, e.g., about the infundibulum and sebaceous gland. Different types of 
energy activatable materials require variations in the energy dose applied and the type of 
energy source necessary to effect treatment of the afflicted skin area. When applied to the 
skin of the region to be treated, the energy activatable material is absorbed within the hair 
follicle matrix and upon exposure, the energy will be concentrated in those critical areas 
of the follicle matrix where the energy activatable material has collected e.g., the 
pilosebaceous unit including the sebaceous gland, infundibulum and pore opening. 

Delivery of the energy activatable material, preferably methylene blue or other 
FDA approved dyes, to the follicle matrix can be achieved by topical application, 



WO 00/40266 PCT/US99/29974 

-16- 

injection, liposome encapsulation technology, massage, iontophoresis or ultrasonic 
technology, or other means for delivery of compounds into the dermal region of the skin, 
e.g., pharmaceutically acceptable carriers. 

The phrase "pharmaceutically acceptable carrier" as used herein means a 
pharmaceutically acceptable material, composition or vehicle, such as a liquid or solid 
filler, diluent, excipient, solvent or encapsulating material, involved in carrying or 
transporting a energy activatable material of the present invention within or to the subject 
such that it can performs its intended function. Each carrier must be "acceptable" in the 
sense of being compatible with the other ingredients of the formulation and not injurious 
to the patient. Some examples of materials which can serve as pharmaceutically 
acceptable carriers include: sugars, such as lactose, glucose and sucrose; starches, such as 
corn starch and potato starch; cellulose, and its derivatives, such as sodium 
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth; 
malt; gelatin; talc; excipients, such as cocoa butter and suppository waxes; oils, such as 
peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; 
glycols, such as propylene glycol; polyols, such as glycerin, sorbitol, mannitol and 
polyethylene glycol; esters, such as ethyl oleate and ethyl laurate; agar; buffering agents, 
such as magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water; 
isotonic saline; Ringer's solution; ethyl alcohol; phosphate buffer solutions; and other 
non-toxic compatible substances employed in pharmaceutical formulations. Preferred 
carriers include those which are capable of entering a pore by surface action and solvent 
transport such that the energy activatable material is carried into or about the pore, e.g., 
into the sebaceous gland, to the plug, into the infimdibulum and/or into the sebaceous 
gland and infimdibulum. 

Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and 
magnesium stearate, as well as coloring agents, release agents, coating agents, sweetening 
and perfuming agents, preservatives and antioxidants can also be present in the 
compositions. Liquid dosage forms for topical administration of the compounds of the 
invention include pharmaceutically acceptable emulsions, microemulsions, solutions, 
creams, lotions, ointments, suspensions and syrups. In addition to the active ingredient, 
the liquid dosage forms may contain inert diluents commonly used in the art, such as, for 
example, water or other solvents, solubilizing agents and emulsifiers, such as ethyl 
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alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl 
benzoate, propylene glycol, 1,3-butylene glycol, oils (in particular, cottonseed, 
groundnut, corn, germ, olive, castor, peach, almond and sesame oils), glycerol, 
tetrahydrofuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and 
mixtures thereof. 

Suspensions, in addition to the active compounds, may contain suspending agents 
as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan 
esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and 
tragacanth, and mixtures thereof. 

The ointments, pastes, creams and gels may contain, in addition to an active 
compound of this invention, excipients, such as animal and vegetable fats, oils, waxes, 
paraffins, starch, tragacanth, cellulose derivatives, polyethylene glycols, silicones, 
bentonites, silicic acid, talc and zinc oxide, or mixtures thereof. 

The term "cream" is art recognized and is intended to include semi-solid emulsion 
systems which contain both an oil and water. Oil in water creams are water miscible and 
are well absorbed into the skin, Aqueous Cream BP. Water in oil (oily) creams are 
immiscible with water and, therefore, more difficult to remove from the skin. These 
creams are emollients, lubricate and moisturize, e.g., Oily Cream BP. Both systems 
require the addition of either a natural or a synthetic surfactant or emulsifier. 

The term "ointment" is art recognized and is intended to include those systems 
which have oil or grease as their continuous phase. Ointments are semi-solid anhydrous 
substances and are occlusive, emollient and protective. Ointments restrict transepidermal 
water loss and are therefore hydrating and moisturizing. Ointments can be divided into 
two main groups- fatty, e.g., White soft paraffin (petrolatum, Vaseline), and water 
soluble, e.g., Macrogol (polyethylene glycol) Ointment BP. 

The term "lotion" is art recognized and is intended to include those solutions 
typically used in dermatological applications. 

The term "gel" is art recognized and is intended to include semi-solid 
permutations gelled with high molecular weight polymers, e.g., carboxypolymethylene 
(Carbomer BP) or methylcellulose, and can be regarded as semi-plastic aqueous lotions. 
They are typically non-greasy, water miscible, easy to apply and wash off, and are 
especially suitable for treating hairy parts of the body. 
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In a one embodiment, liposomes are used to deliver the energy activatable 
material to the follicle matrix. Liposomes provide site-specific transdermal delivery to 
the follicle matrix. In this embodiment, the energy activatable material is 
microencapsulated within the liposome and topically applied to the epidermis of the skin. 

As noted above, the carrier according to the present invention involves 
encapsulating the effective amount of energy activatable material within a specific 
liposome to provide for efficient transdermal delivery of the energy activatable material 
through the layers of the skin. These liposomal compositions are topically applied to the 
skin and deliver the encapsulated energy activatable material to the follicle region 
including the sebaceous gland and infundibulum. Following delivery of the energy 
activatable material, irradiation results in highly specific targeting of the follicle matrix 
and destruction of oils, dirt, bacteria, mites, or viruses within the infected area. 

Liposomes are microscopic spherical membrane-enclosed vesicles or sacks (0.5- 
500 jam in diameter) made artificially in the laboratory using a variety of methods. 
Within the scope of the present invention, the liposomes should be non-toxic to living 
cells and they should deliver the contents, in this case an energy activatable material, into 
the follicle and immediately surrounding tissue. The liposomes according to the present 
invention may be of various sizes and may comprise either one or several membrane 
layers separating the internal and external compartments. 

The liposomes may be made from natural and synthetic phospholipids, and 
glycolipids and other lipids and lipid congeners; cholesterol, cholesterol derivatives and 
other cholesterol congeners; charged species which impart a net charge to the membrane; 
reactive species which can react after liposome formation to link additional molecules to 
the lysome membrane; and other lipid soluble compounds which have chemical or 
biological activities. 

A general discussion of the liposomes and liposome technology can be found in 
an article entitled, "Liposomes" by Marc J. Ostro, published in SCIENTIFIC AMERICAN, 
January 1987, Vol. 256, pp. 102-1 1 1 and in a three volume work entitled, "Liposome 
Technology" edited by G. Gregorriadis, 1984, published by CRC press, Boca Raton, Fla. 
the pertinent portions of which are incorporated herein by reference. 

Figure 1 illustrates multiple hair shafts 10 (vellus) projecting below the epidermis 
region 12 of the skin and into the dermis 14 region. Each shaft 10 extends down the 
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follicle 16. The follicle includes a sebaceous gland 20 and which at the anagen stage of 
the hair cycle further includes a papilla 18. The papilla 18 is supplied with small blood 
vessels (not shown) that provide the growing hair with nourishment. The follicle 16 
includes the pore opening 22 and the infundibulum 24, shown with a plug 26 of dead 
cells, oils, bacteria and/or viruses. Topical application of an energy activatable material 
28 penetrates the pore opening 22 and infundibulum 24 and into the sebaceous gland 20 
as shown in Figures 1 and 2. 

In order to assure removal of plug 26, modification of pore opening 22, 
modification of the infundibulum 24, and/or modification of the sebaceous gland 20, use 
of a light source, e.g., a laser, having sufficient energy and depth of penetration is 
required. Figure 3 demonstrates how an operator (not shown) will position the energy 
source 30, e.g., a laser, over a hair follicle 16 such that an optimum location for aiming 
the light pulse to strike the energy activatable material 28 about the plug 26, sebaceous 
gland 20, infundibulum 24 and/or pore opening 22 is obtained. The energy source 30 can 
be moved across the skin surface in any direction 32 by the operator, thereby effectively 
irradiating multiple follicles 16 multiple times. The process can be repeated until the 
desired effect(s) are achieved. 

Figures 4a and 4b demonstrate the effect(s) of the presently described treatment 
on the infundibulum 24. Figure 4a depicts infundibulum 24 prior to treatment with an 
energy activatable material 28 and stimulation with an energy source 30. Figure 4b 
depicts the same infundibulum 24 post treatment whereby the shape of the infundibulum 
24 and pore opening 22 have been modified. 

Figures 5a and 5b demonstrate the effect(s) of the presently described treatment 
on the sebaceous gland 20. Figure 5a depicts the sebaceous gland 20 prior to treatment 
with an energy activatable material 28 and stimulation with an energy source 30. Figure 
5b depicts the same sebaceous gland 20 post treatment, whereby the size of sebaceous 
gland 20 has been decreased. 

Figures 6a and 6b demonstrate the effect(s) of the presently described treatment 
on a plugged pore 26. Figure 6a depicts the plug 26 prior to treatment with an energy 
activatable material 28 and stimulation with an energy source 30. Figure 6b depicts the 
same region of the infundibulum 24 post treatment, whereby the plug 26 has been treated 
such that unwanted material(s) has been removed from infundibulum 24. 
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Figures 7a and 7b further demonstrate the effect(s) of the presently described 
treatment on a plugged pore 26, infundibulum 24, pore opening 22, and sebaceous gland 
20. Figure 7a depicts the skin area prior to treatment with an energy activatable material 
28 and stimulation with an energy source 30. Figure 7b depicts the same region of the 
skin post treatment, whereby the plug 26 has been treated such that unwanted material(s) 
has been removed from infundibulum 24 and the infundibulum 24, pore opening 22 and 
sebaceous gland 20 have been modified. 

Stimulation of the energy activatable material 28 will cause activation to occur, 
e.g., photothermolysis and/or photochemical reactions, to disrupt the trapped cells, 
sebum, bacteria, mites, etc. located in the sebaceous gland 20 and/or the infundibulum 24. 
An advantage of this process is that only tissue having energy activatable material will 
undergo photothermal or photochemical reactions. Surrounding tissue which does not 
include energy activatable material will not be adversely affected by this treatment. 

Natural chromophores present in sebaceous follicles or follicular plugs are not 
sufficiently distinct from other chromophores of the dermis and epidermis to allow 
specific absorption. However, the infundibulum and sebaceous glands are directly 
accessible from the skin surface through a "pore" (the follicle opening), which allows 
topically-applied substances, such as energy activatable materials, to enter these 
structures. Therefore, energy activatable materials or particle-suspensions can be used to 
provide high, local, and specific absorption after uptake into the infundibulum and/or 
sebaceous gland. 

Energy activatable materials which enter the sebaceous follicles, such as 
methylene blue (a lipophilic, cationic, FDA-approved dye is taken up into human 
sebaceous follicles, and distributed over time into the sebaceous glands), can be used to 
target either the infundibula, or the sebaceous glands depending on time after application, 
or both. 

Topically-applied energy activatable materials initially enter the infundibulum and 
later distribute to the sebaceous glands. It is possible to actively drive those materials or 
chromophoric particles into the follicles by massage, pressure, ultrasound, or 
iontophoresis, after topically applying the chromophore to the skin surface. Methylene 
blue, for example, can be rapidly driven into sebaceous follicles and eccrine sweat ducts 
by iontophoresis. Wiping the surface with or without a solvent after delivery into the 
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follicles, can be used to remove residual material from the skin surface. Thus, after 
appropriate application and wiping, the energy activatable material, e.g., a chromophore, 
can be preferentially located in follicles, within the infundibula or the infundibula and 
sebaceous glands. 

A preferred method of delivery for administering an energy activatable material 
described throughout this application is by iontophoresis. Iontophoresis may be generally 
described as a method of transdermally introducing medicament ions, zwitterions, 
molecules, e.g., an energy activatable material, preferably methylene blue, into a the 
body. The iontophoresis process utilizes the current developed by an electric field to 
drive energy activatable ions through the skin, or other biological surface, and into the 
body. The iontophoresis process has been found to be particularly useful in transdermal 
administration of energy activatable materials, such as many of the compounds discussed 
herein , and in particular, methylene blue. 

For example, and advantage of iontophoresis is the introduction of energy 
activatable materials directly into a patient's tissues, e.g., the infundibulum and/or 
sebaceous gland, without the need for a needle-based injection, which typically causes 
pain and may create a risk of infection. Iontophoretic delivery of energy activatable 
materials is also advantageous because this delivery system avoids premature metabolism 
of the material that can typically occur when a drugs is taken orally. Premature 
metabolism is often a concern where oral drugs are used to treat acne because the 
medicament ions derived are absorbed into the blood stream from the digestive system. 
The blood containing the medicament ions then percolates through the liver, where the 
medicament ions may be prematurely metabolized, before the medicament ions arrive at 
the target tissue. Thus, a substantial amount of the medicament ions derived from an 
orally administered drug may be metabolically inactivated before the medicament ions 
have a chance to pharmacologically act in the body. 

A typical iontophoresis device includes two electrodes such as those devices 
produced by Iomed, Inc. (Salt Lake City, Utah, US). One of the electrodes is often 
characterized as an "active" electrode, and the other electrode is often characterized as a 
"return" electrode. Also, one of the electrodes is a positively charged anode and the other 
electrode is a negatively charged cathode. Both electrodes are in intimate electrical 
contact with the skin or other biological surface of the body, which may be a human body 
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or another type of body, such as an animal body. Application of electric current to the 
active electrode drives the energy activatable material, such as the methylene blue, from 
the active electrode into the body. The other electrode, the return electrode, closes the 
electrical circuit to permit current flow through the active electrode and through the body. 

In general, an energy activatable material is applied topically to the area to be 
treated as a solution or suspension. Typical solutions are aqueous based solutions, e.g., 
water, which can contain low molecular weight alcohols, e.g., ethanol, isopropanol, 
butanol. Penetration of the energy activatable material into the infundibulum and/or 
sebaceous gland is facilitated by iontophoretic application. Generally, the site of 
treatment and a major muscle site are cleansed with an alcoholic solution. A dispersive 
pad is applied over the major muscle at least 6 inches from the drug electrode site. A 
hydrated drug electrode pad is applied to the cleansed treatment site and appropriate lead 
clips are attached to the pads. Typically, the iontophoresis current is between about 0.1 to 
40 mA/min, with a current of about 2 to 4 mA. The treatment period is generally 
between about 10 and 20 minutes and the treatment site can be from about 1 centimeter to 
about 1 1 centimeters in diameter. Those skilled in the art can identify those parameters 
necessary to administer the activatable material dependent upon the age, sex, weight, and 
skin condition of the individual. Energy activatable material concentrations are greatest 
in the infundibulum, ecrine ducts and sebaceous glands. Consequently, these structures 
are most affected by subsequent laser treatment. Figure 8 depicts methylene blue which 
has been iontophoretically administered into the sebaceous glands and/or infundibulum of 
an individual. 

As used herein, the term "iontophoresis device 11 refers generally to an electrically 
assisted device or apparatus suitable for the transdermal iontophoretic delivery of 
therapeutic levels of an energy activatable material to a mammal. Such iontophoresis 
devices are well known in the art and are also referred to as "iontophoretic delivery 
devices" or "electrotransport devices." 

Iontophoresis devices and methods for using these devices in conjunction with the 
present invention are described, for example, in the following U.S. patent documents, the 
disclosures of which are incorporated herein by reference: 

U.S. Pat. Nos. 3,991,755; 4,141,359; 4,250,878; 4,395,545; 4,744,787; 4,747,819; 
4,927,408; 5,080,646; 5,084,006; 5,125,894; 5,135,477; 5,135,480; 5,147,296; 5,147,297; 
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5,158,537; 5,162,042; 5,162,043; 5,167,616; 5,169,382; 5,169,383; 5,415,628; 5,203,768; 
5,207,752; 5,221,254; 5,232,438; 5,234,992; 5,240,995; 5,246,417; 5,288,389; 5,298,017; 
5,310,404; 5,312,326; 5,314,502; 5,320,598; 5,322,502; 5,326,341; 5,344,394; 5,374,242; 
5,380,271; 5,385,543; 5,387,189; 5,395,310; 5,403,275; 5,405,317; 5,415,628; 5,423,739; 
5,443,442; 5,445,606; 5,445,609; 5,464,387; 5,466,217; 4,950,229; 5,246,418; 
5,256,137; 5,284,471; 5,302,172; 5,306,235; 5,310,403; 5,320,597; 5,458,569; 5,498,235; 
4,557,723; 4,713,050; 4,865,582; 4,752,285; 5,087,242; 5,236,412; 5,281,287. 

Either photothermal (i.e. using principles of selective photothermolysis) or 
photochemical (i.e., using principles of photodynamic therapy) mechanisms are utilized 
to affect the target structures, as a treatment to prevent sebaceous gland disorders, such as 
acne lesions, from forming. Methylene blue (MB) and many other light sensitive 
chromophores are potent photodynamic photosensitizers and can also be used as 
photothermal sensitizers. The red absorption maximum of methylene blue around 660 
nm provides strong absorption for either mechanism. Another strong candidate dye is 
indocyanine green (ICG) (Cardiogreen®, Becton-Dickenson), which has very poor 
photodynamic activity but is an excellent photothermal chromophore. Indocyanine green 
is a zwitterion (neutral, highly polar molecule) which tends to bind strongly to proteins 
and is well suited for targeting the infundibulum by photothermal mechanisms. ICG 
absorbs maximally near 800 nm, a wavelength well suited for diode, Alexandrite lasers, 
and other light sources. For selective photothermolysis, pulses of intense red or near- 
infrared light in the ms time domain at the appropriate wavelength region should be 
delivered, for example using a pulsed dye laser, diode laser arrays, other pulsed or 
scanned lasers, or filtered flashlamp sources to deliver fluences in excess of 1 J/cm 2 per 
pulse. For photodynamic effects, lower average irradiance exposures given over longer 
exposure time would be appropriate for example approximately 10-100 mW/cm 2 
delivered for about 100-2000 seconds (total fluence, 1-200 J/cm 2 ). For photodynamic 
effect, light sources such as light-emitting diodes, incandescent lamps, xenon arc lamps, 
lasers or sunlight can be used. 

In order to form and retain a plug within the infundibulum, there must be a 
constriction along the outflow tract. As material including sebum, cells, or bacteria 
accumulate and are concentrated onto the plug, walls of the infundibulum are dilated until 
the middle or lower part of the infundibulum is larger in diameter than its outlet (the 



WO 00/40266 PCT/US99/29974 

-24- 

surface pore). If the outlet diameter can be increased, the plug is more likely to be 
expelled and pressure within the sebaceous follicle decreased before rupture can occur. 
The upper region of the infundibulum is also the source of follicular neck cells which 
shed into the infundibulum and add to the plug. For these reasons, the walls of the upper 
portion of the infundibulum and especially its pore at the skin surface are the primary 
target for energy activatable material-assisted sebaceous gland disorder treatment, e.g. 
acne treatment. In a manner conceptually similar to laser skin "resurfacing", the shape 
and size of the infundibulum and its outlet pore can be affected by energy activatable 
material-assisted photothermal or photochemical treatment. The dermis immediately 
surrounding sebaceous follicles, is largely responsible for maintaining shape of the 
infundibulum, and should be altered to produce a permanent affect. By using pulses in 
the ms time domain, there is time for thermal conduction from energy activatable material 
in the infundibulum, to the wall and immediately-surrounding dermal collagen of the 
infundibulum. Photothermal mechanisms are preferred because permanent changes are 
known to be induced in the dermis. 

The invention is further illustrated by the following examples which in no way 
should be construed as being further limiting. The contents of all references, pending 
patent applications and published patent applications, cited throughout this application, 
including those referenced in the background section, are hereby incorporated by 
reference. It should be understood that the models used throughout the examples are 
accepted models and that the demonstration of efficacy in these models is predictive of 
efficacy in humans. 

EXEMPLIFICATION 

Fresh, in- vitro human sebaceous skin samples were used. Dye solutions and 
particle suspensions were applied to the samples at different concentration and in various 
vehicles, followed by localization of the dye by frozen sectioning and light microscopy. 
A number of FDA-approved laser sensitive dyes were examined and found that 
methylene blue and several others rapidly enter the infundibulum. Methylene blue 
proceeded to deeply and selectively stain the sebaceous glands, requiring several hours to 
do so. Apparently, almost any dye or suspension can be delivered to the upper 
infundibulum by direct solvent flow into the pore. Optimization of the concentration and 
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solvent for MB and ICG can be determined by one skilled in the art. The effect of 
iontophoresis of MB in vitro should increase rate of uptake by at least one order of 
magnitude. Physical means of increasing dye uptake into the infundibulum, including 
ultrasonication with a tissue dismembranator at low intensity, and a simple pressure- 
applicator intended to open the surface pores while providing a pressure gradient in favor 
of dye uptake is possible. 

For MB dye, a 660 nm source is required, preferably a pulsed dye laser operating 
with at least 1 ms pulse duration. There is essentially no absorption by MB at 
wavelengths longer than 690 nm, such that ruby and Alexandrite lasers are not useful. 
Similar in-vitro laser targeting can be performed using ICG in the infundibulum, and C- 
particle suspension (medical grade India Ink) to indicate that physical means deliver 
sufficient chromophore into the infundibulum. 



EXPERIMENT ALS 

Experiment using methylene blue to stain sebaceous glands in ex vivo tissue. 

Freshly excised human skin from a face-lift procedure was provided by a plastic 
surgeon. The skin originated from the periauricular area and the anterior hairline of a 
middle-aged fair-skinned female. The samples were stored at 4°C overnight. On the day 
of experiment, the tissue was shaved with a razor and defatted by rubbing the surface 
with alcohol swabs for 1 minute. After cutting the skin in smaller pieces, the tissue was 
placed on saline-soaked gauzes. Methylene blue, a cationic hydrophilic dye was 
dissolved in distilled water, alcohol, and propylene glycol at a concentration of 5% and 
applied on the surface of the skin in a thick layer at 3 1 °C. After 1 hour, the excess dye 
was removed with a dry absorbing gauze revealing a lightly stained epidermis with 
accentuation of the staining in the follicular pores in all specimen. 5 mm-punch biopsies 
were performed and the samples were processed frozen sections. 

Light microscopy of histologic sections showed dense blue staining of the 
epidermis and of some sebaceous glands and entire hair follicles (Figure 9). There was 
minimal non-specific staining of the interstitial dermis. 
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Freshly excised human skin from a face-lift procedure was provided by a plastic 
surgeon. The skin originated from the periauricular area and the anterior hairline of a 
middle-aged fair-skinned female. The samples were stored at 4°C overnight. On the day 
of experiment, the tissue was shaved with a razor and defatted by rubbing the surface 
with alcohol swabs for 1 minute. After cutting the skin in smaller pieces, the tissue was 
placed on saline-soaked gauzes. Methylene blue, a cationic hydrophilic dye was 
dissolved in distilled water, alcohol, and propylene glycol at a concentration of 5% and 
was mixed in a commercially available aqueous-based lotion (50 \xL of dissolved dye in 
500 mg of lotion) and applied on the surface of the skin in a thick layer at 3 1°C. After 1 
hour, the excess dye was removed with a dry absorbing gauze revealing a lightly stained 
epidermis with accentuation of the staining in the follicular pores in all specimen. 5 mm- 
punch biopsies were performed and the samples were processed frozen sections. 

Light microscopy of histologic sections showed dense blue staining of the 
epidermis and of some sebaceous glands and entire hair follicles (Figure 10). There was 
minimal non-specific staining of the interstitial dermis. 

Methylene blue dye was also administered into the sebaceous glands via Retina 
Gel® (Ortho Pharmaceuticals) as the carrier vehicle. Typically, a sufficient amount of 
methylene blue (50 (iL of dissolved dye in 500 mg of gel) was combined with 
hydroxypropyl cellulose, butylated hydroxytoluene and alcohol and applied to the 
epidermis. Penetration of the methylene blue dye into the sebaceous glands of freshly 
excised human skin was noted via light microscopy as described above. 

EQUIVALENTS 

Those skilled in the art will recognize, or be able to ascertain, using no more than 
routine experimentation, many equivalents to specific embodiments of the invention 
described specifically herein. Such equivalents are intended to be encompassed in the 
scope of the following claims. 



What is claimed is: 
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1. A method for treating a sebaceous gland disorder comprising the steps of 

a) topically applying an energy activatable material to a section of 
skin afflicted with a sebaceous gland disorder, wherein said material is activated by 
energy which penetrates outer layers of epidermis, 

b) causing a sufficient amount of said material to infiltrate into 
spaces in said skin; and 

c) exposing said section of skin to energy sufficient to cause said 
material to become photochemically or photothermally activated, thereby treating said 
sebaceous gland disorder. 

2. The method of claim 1, wherein said energy activatable material is 
selected from the group consisting of chromophore containing groups, carbon particles 
and iron oxides. 

3. The method of claim 2, wherein said chromophore containing group is 
methylene blue. 

4. The method of claim 2, wherein said chromophore containing group is a 
laser sensitive material. 

5. The method of claim 4, wherein said laser sensitive material is 
methylene blue. 

6. The method of claim 1, wherein said energy activatable material is 
suspended in a pharmaceutical carrier. 

7. The method of claim 6, wherein said pharmaceutical carrier is a 
liposome. 
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8. 



The method of claim 6, wherein said pharmaceutical carrier is an oil. 



9. 



The method of claim 8, wherein said oil is baby oil. 



5 



10. The method of claim 1, wherein said energy activatable material 



penetrates said skin via a pilosebaceous unit. 

11. The method of claim 1, wherein said treatment modifies the opening to 



the infundibulum. 

10 

12. The method of claim 11, wherein said opening is opened. 

13. The method of claim 1, wherein said energy activatable material 
penetrates a sebaceous gland. 



14. The method of claim 13, wherein said sebaceous gland is modified. 

15. The method of claim 1, wherein said sebaceous gland disorder is acne 
vulgaris, acne rosacea, or sebaceous gland hyperplasia. 



16. The method of claim 1, wherein ultrasound is utilized to force said 
energy activatable material into said spaces. 

17. The method of claim 1, wherein said energy is from a pulsed laser dye. 



18. The method of claim 1, wherein said energy is from a diode laser array. 

19. The method of claim 1, wherein said spaces in said skin comprise spaces 
in hair ducts in said skin not occupied by hair. 



20. The method of claim 1, wherein said spaces in said skin comprises space 
within sebaceous glands. 



15 



20 



25 



30 
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21. The method of claim 1, wherein said spaces in said skin comprise space 
adjacent to sebaceous glands. 

22. A method for modifying the opening to the infundibulum comprising the 
steps of: 

a) topically applying an energy activatable material to the opening to 
the infimdibulum, wherein said material is activated by energy which penetrates outer 
layers of epidermis, 

b) causing a sufficient amount of said material to infiltrate into 
spaces about said infundibulum; and 

c) exposing said section of skin with sufficient energy to cause said 
material to become photochemically or photothermally activated, thereby modifying 
said opening to the infundibulum. 

23. A method for modifying the pilosebaceous unit comprising the steps of: 

a) topically applying an energy activatable material to the 
pilosebaceous unit, wherein said material is activated by energy which penetrates outer 
layers of epidermis, 

b) causing a sufficient amount of said material to infiltrate the 
pilosebaceous unit; and 

c) exposing said section of skin with sufficient energy to cause said 
material to become photochemically or photothermally activated, thereby modifying the 
pilosebaceous unit. 

24. A method for treating a sebaceous gland disorder comprising the steps of 

a) topically applying an energy activatable material to a section of 
skin afflicted with a sebaceous gland disorder, wherein said material is activated by 
energy which penetrates outer layers of epidermis, 

b) iontophoretically causing a sufficient amount of said material to 
infiltrate into spaces in said skin; and 
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c) exposing said section of skin to energy sufficient to cause said 
material to become photochemically or photothermally activated, thereby treating said 
sebaceous gland disorder. 

25. The method of claim 24, wherein said energy activatable material is 
selected from the group consisting of chromophore containing groups, carbon particles 
and iron oxides. 

26. The method of claim 24, wherein said chromophore containing group is 
methylene blue. 

27. The method of claim 24, wherein said chromophore containing group is a 
laser sensitive material. 

28. The method of claim 27, wherein said laser sensitive material is methylene 

blue. 

29. The method of claim 24, wherein said energy activatable material is 
suspended in a pharmaceutical carrier. 

30. A method for modifying the opening to the infundibulum comprising the 
steps of: 

a) topically applying an energy activatable material to the opening to 
the infundibulum, wherein said material is activated by energy which penetrates outer 
layers of epidermis, 

b) iontophoretically causing a sufficient amount of said material to 
infiltrate into spaces about said infundibulum; and 

c) exposing said section of skin with sufficient energy to cause said 
material to become photochemically or photothermally activated, thereby modifying said 
opening to the infundibulum. 



31. A method for modifying the pilosebaceous unit comprising the steps of: 
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a) topically applying an energy activatable material to the 
pilosebaceous unit, wherein said material is activated by energy which penetrates outer 
layers of epidermis, 

b) iontophoretically causing a sufficient amount of said material to 
5 infiltrate the pilosebaceous unit; and 

c) exposing said section of skin with sufficient energy to cause said 
material to become photochemically or photothermally activated, thereby modifying the 
pilosebaceous unit. 
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Figure J Blue staining of the sebaceous gland and hair follicle by methylene 
blue in an aqueous based lotion 
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Figure 10 Blue staining of the sebaceous gland and hair follicle by methylene 
blue in an aqueous based lotion 
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SEMICONDUCTOR-SOLID STATE LASER OPTICAL WAVEGUIDE PUMP 

DEVICE AND METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority to U.S. Provisional patent Application Serial 
No. 60/1 15,229, filed on January 8, 1999, the content of which is relied upon and 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to optical waveguide devices, 
semiconductor lasers, solid state lasers, and particularly to the utilization of lasers to 
pump optical waveguide amplifiers. 

Optical amplifiers and lasers are important components used in optical fiber 
telecommunications systems. Optical signals transmitted in optical fibers tend to 
weaken as they travel along the optical fibers. Optical amplifiers provide an economic 
means of amplifying such weakened optical signals while maintaining the optical 
nature of the signal. 

Erbium doped optical fiber amplifiers have become the dominant means of 
amplifying optical signals in the 1550 nm optical telecommunications window. Such 
erbium doped optical fiber amplifiers are normally directly pumped with 980 nm and/or 
1480 nm semiconductor pump lasers. With such an amplifier-pump system, electrical 
energy applied to the 980 nm (1480 nm) semiconductor pump laser produces 980 nm 
(1480 nm) photons which are coupled through an optical fiber pigtail into the erbium 
doped optical fiber. The 980 nm and/or 1480 nm pump light excites/energizes the 
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erbium ions in the erbium doped optical fiber so that 1550 nm optical 
telecommunications signals are amplified by the excited/energized erbium ions. Such 
direct optical pumping of optical amplifiers with semiconductor produced photons has 
become the standard in the optical telecommunications industry because of reliability 

5 and related use requirements, for example compact space utilization. But, in addition to 

economic expense problems, such direct semiconductor pump lasers pose problems in 
terms of already reaching maximum optical output power limitations while the 
development of optical amplifiers has continued to require higher and higher pump 
power input requirements. It appears that the commercially available maximum 

10 reliable output power of 980 nm semiconductor laser pumps may plateau in the 300 

mW output power range while the input pump power requirements of optical amplifiers 
continue to climb. Semiconductor laser research and development continue to strive 
towards improving the structure and performance of 980 nm semiconductor laser 
pumps in an effort to try to meet the needs of optical amplifiers. 

15 The optical amplifier industry needs a pump laser technology that is able to 

meet its ever increasing optical power demands. 

SUMMARY OF THE INVENTION 

One aspect of the present invention is an optical waveguide device which 
20 includes a solid state laser which outputs wavelength emission \j S centered about 946 

nm, combined with a lasing waveguide which includes a Yb doped optical waveguide 
such that when the Xj S output is inputted into the lasing waveguide the lasing waveguide 
produces a wavelength emission Xy centered about 980 nm. 

In another aspect, the present invention includes a method of producing 980 nm 
25 optical amplifier pump wavelength light which includes providing a first laser for 

producing an emission Xi, inputting the produced emission Xi into a second laser for 
producing an emission X 2 , producing an emission X2, inputting the produced emission X2 
into a third laser for producing an emission X3 centered about the 980 nm optical 
amplifier pump wavelength. 
30 In a further aspect the invention includes an optical amplifier device which 

includes at least one semiconductor laser which produces an emission Xi, centered 
about 808 nm, a first solid state laser which is optically pumped by the semiconductor 
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laser such that it produces an emission X 2 centered about 946 nm, a second solid state 
laser which is optically pumped by the first solid state laser such that it produces an 
emission X 3 centered about 980 nm, and an optical amplifier waveguide for amplifying 
an optical transmission signal wherein the optical amplifier is optically pumped by the 
5 second solid state laser. 

The invention further includes a method of amplifying an optical transmission 
signal which comprises the steps of: providing a first laser for producing Xi light, a 
second laser for producing X 2 light, and a third laser for producing A3 light, and an 
optical amplifier which utilizes X3 light to amplify an optical signal; pumping the 
10 second laser with \ light produced by the first laser; pumping the third laser with X 2 

light produced by the second laser; and pumping the optical amplifier with X 3 light 
produced by the third laser. 

Additionally, the invention includes a method of making a 980 nm pump for an 
optical amplifier, with the method including: providing at least one semiconductor 
15 laser diode, coupling the semiconductor laser diode into a Nd:YAG laser, and coupling 

the Nd:YAG laser into a Yb doped optical waveguide fiber laser. 

In a further aspect the invention includes an optical amplifier system comprising 
a single cladding optical waveguide lasing fiber and a multimode pump source. 

The invention further comprises a method of making an optical amplifier 
20 pump, which includes providing a multimode pump source; providing a single cladding 

optical waveguide lasing fiber; and indirectly pumping the lasing fiber with the 
multimode pump source. 

Additionally the invention includes the method of amplifying an optical signal 
Xt, by providing a multimode light pump source having a wavelength \nm multimode 
25 brightness output; converting the multimode brightness output into a single mode 

output having a wavelength Xp Ump ; and inputting the single mode output into an optical 
amplifier for amplifying an optical signal \. 

In a further aspect the invention includes an optical amplifier pump for pumping 
an optical amplifier with a pump wavelength Xp U m P > where the pump includes a 
30 semiconductor laser which produces a wavelength X^m, and the pump outputs at least 

500 mW of light at \ ump . 
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Additionally the invention includes an optical amplifier pump comprising: 
a semiconductor laser which produces a wavelength \\ for pumping Nd ions; a plurality 
5 of Nd ions, which when pumped by the wavelength Xi, produces a wavelength X 2 for 
pumping Yb ions; and a plurality of Yb ions, which when pumped by the wavelength X2 
produces a wavelength X3 for pumping Er ions. 

In a further aspect the invention includes an optical amplifier pump for pumping 
an optical amplifier which amplifies optical signals in the range of 1560 to 1620 nm (L- 
10 band), which has at least one broad area semiconductor laser; and a neodymium doped 

solid state laser, with solid state laser pumped by the semiconductor laser. 

Additionally the invention includes an optical amplifier that comprises 
a semiconductor laser; a solid state laser, the solid state laser pumped by the 
semiconductor laser; and an Er doped optical amplifier fiber, with the Er doped optical 
15 amplifier fiber for amplifying signals in the range of 1 560 to 1620 nm and pumped by 

the solid state laser. 

In a further aspect the invention includes a method of amplifying a L-band 
optical signal by providing an Er doped optical fiber, pumping a neodymium solid 
state laser with a broad area semiconductor laser, inputting said solid state laser directly 
20 into the Er doped optical fiber, and amplifying a L-band optical signal with the Er 

doped optical fiber. 

Additional features and advantages of the invention will be set forth in the 
detailed description which follows, and in part will be readily apparent to those skilled 
in the art from that description or recognized by practicing the invention as described 
25 herein, including the detailed description which follows, the claims, as well as the 

appended drawings. 

It is to be understood that both the foregoing general description and the 
following detailed description are merely exemplary of the invention, and are intended 
to provide an overview or framework for understanding the nature and character of the 
30 invention as it is claimed. The accompanying drawings are included to provide a 

further understanding of the invention, and are incorporated in and constitute a part of 
this specification. The drawings illustrate various embodiments of the invention, and 
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together with the description serve to explain the principles and operation of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 FIG. 1 is a schematic representation in accordance with the present invention. 

FIG. 2 is schematic representation in accordance with the present invention. 
FIG. 3 is schematic representation in accordance with the present invention. 
FIG. 4 is a graph of output power (milliwatts) at 980nm versus input power 
(milliwatts) at 946nm. 
10 FIG. 5 is an output spectrum plot of light from a Yb fiber laser. 

FIG. 6 is an output spectrum plot of light, which shows three output spectrums 
from Yb fiber lasers. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 

Reference will now be made in detail to the present preferred embodiments of 
the invention, examples of which are illustrated in the accompanying drawings. An 
exemplary embodiment of the present invention is shown in Figure 1 . The laser system 
of the invention is designated generally throughout by reference numeral 20. 

20 In accordance with the invention, the present invention for an optical waveguide 

device 18 includes a solid state laser 22. Solid state laser 22 outputs a wavelength 
emission \; S centered about 946 nm. Solid state laser 22 provides a reliable source for 
producing a high powered laser light output centered about 946 nm. Preferably solid 
state laser 22 is a neodymium doped solid state laser. 

25 Solid state laser 22 is preferably a neodymium doped solid state laser, such as 

the Nd: YAG solid state laser shown in FIGS. 2, that is pumped by two semiconductor 
laser diodes 32. Preferred semiconductor lasers for pumping the neodymium doped 
soild state laser are semiconductor lasers that emitt light having a wavelength X with X 
selected from the Nd absorption bands near 880nm(from about 860 to about 900nm), 

30 808nm(from about 780 to about 830nm), 740nm(from about 720 to about 760nm), and 

690nm(from about 670 to about 710nm). These Nd absorption wavelength bands are 
for the Nd solid state YAG host, and with other soild state hosts for Nd the 
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wavelengths and widths of these Nd absorption bands may vary. Preferably laser 
diodes 32 are broad area lasers with each producing about 2 watts of multimode light 
(2W MM) at 808 nm. With optical element lenses 34 and a polarization combiner 36, 
the output of broad area laser diodes 32 is inputted into Nd:YAG solid state laser 22. 

5 Nd:YAG solid state laser 22 is comprised of a 946 nm laser cavity 38 which includes 

Nd:YAG crystal 40 and glass substrate spherical surface laser element 42. Nd:YAG 
crystal 40 includes a 946 nm high reflectivity (about 99%) coating 44 and an anti- 
reflection coating 48 that prevents reflections (946 nm and 1060 nm) other than at 808 
nm, coating 48 may include a 808nm high reflector to provide beneficial reflection of 

10 808nm light. Spherical surface laser element 42 includes a coating 50 that provides for 

high reflectivity (about 95%) at 946 nm and high transmission at 1060 nm. Solid state 
laser 22 preferably produces at least about 1 watt of single mode light at 946 nm. 
Preferably light in the range of 780 to 880 nm is inputted into solid state laser 22, most 
preferably 800 to 880 nm. In addition to this external cavity solid state Nd doped 

15 crystal embodiment of solid state laser 22, solid state laser 22 may comprise a tapered 

Nd doped waveguide laser device or a Nd doped double clad optical waveguide fiber 
laser device. 

As shown in FIG. 1, optical waveguide device 18 includes a lasing waveguide 
24 that is comprised of a Yb doped optical waveguide 26. Yb doped optical waveguide 

20 26 has an input end 28 and an output end 30. Input end 28 is optically coupled to solid 

state laser 22 such that the emission X; S outputted from solid state laser 22 is inputted 
into the lasing Yb doped optical waveguide and an emission X, centered about 980 nm 
is outputted from lasing waveguide output end 30. 

Yb doped optical waveguide 26 is preferably a silica optical waveguide fiber 

25 that is doped with Yb. It is further preferred that the silica optical fiber is an alumino- 

silicate fiber such as a silica optical fiber doped with Al and Yb. In a most preferred 
embodiment the Yb doped optical waveguide is Er free, in that the waveguide does not 
contain erbium so that the Yb ions are the excitable ions in the waveguide. Preferably 
the Er free Yb doped waveguide is a silica waveguide fiber. 

30 Preferably the Yb doped silica fiber is comprised of 60 to 99 wt.% SiC>2. 

Preferably Yb doped waveguide 26 is a silica fiber which includes 0.1 to 4 wt.% Yb 
and 0.1 to 10 wt.% Al, and most preferably a waveguide with 0.2 to 2.5 wt.% Yb and 
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0.2 to 9wt.% Al, with a further preferred Al wt.% of 0.2 to 8.3wt.% AL. In a preferred 
embodiment the Yb doped silica fiber composition further comprises Ge (germanium). 

It is preferred that lasing waveguide 24 and Yb doped optical waveguide 26 are 
comprised of single mode optical waveguide fiber with such single mode optical 
5 waveguide fiber the guiding of light by the waveguide is restrained to a single mode. 

Additionally, Yb doped optical waveguide 26 is preferably a single cladding optical 
fiber, in that the optical fiber has a single clad as compared to a double clad optical 
fiber or other multi-clad fibers. Preferably Yb doped waveguide 26 consists essentially 
of a single waveguide cladding and a waveguiding core so that the optical waveguide 

10 fiber only has a single waveguide cladding surrounding a waveguide core with 

appropriate optical fiber protective coatings. 

As shown in FIG. 1, optical waveguide device 1 8 includes a filter 52. Filter 52 
is a filter for inhibiting light having a wavelength X x centered about 1030 nm from 
propagating in Yb doped optical waveguide 26. Light removal filter 52 removes 1030 

15 nm light so that light produced in the Yb doped waveguide 26 is biased towards the 

production of 980 nm light. Preferably filter 52 is positioned outside of the 980 nm 
resonant cavity and most preferably is a fiber grating positioned between solid state 
laser 22 and Yb doped optical waveguide input end 28. As depicted in FIG. 1, fiber 
filter 52 is preferably a long period fiber grating that removes unwanted 1030 nm light 

20 that may be produced by solid state laser 22. Filter 52 removes and prevents 

detrimental light having a wavelength centered about 1030 nm from degrading the 
performance of lasing waveguide 24 and ensures that the beneficial 946 nm excitation 
light is utilized by Yb ions to produce 980 nm light and to suppress the production of 
1 030 nm light by Yb ions in Yb doped waveguide 26. In addition to a long period 

25 grating, filter 52 can comprise a filter such as a dielectric thin film filter which also 

removes the unwanted 1030 nm light that is produced by excited Yb ions. 

As shown in FIG. 1 , lasing waveguide 24 preferably includes at least one fiber 
Bragg grating. Fiber Bragg gratings provide a beneficial means of reflecting light in an 
optical fiber waveguide format. Lasing waveguide 24 includes a back reflector 54 

30 proximate Yb doped optical waveguide input end 28. Back reflector 54 is centered 

about 980 nm and is highly reflective so as to benefit the output of 980 nm light from 
the lasing waveguide. Lasing waveguide 24 includes a pump reflector 56 proximate Yb 
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doped optical waveguide output end 30. Pump reflector 56 is centered about 946 nm 
and is highly reflective so that 946 nm pump light that reaches the end of the Yb doped 
waveguide is contained in the Yb doped waveguide so that it can pump Yb ions into the 
proper excited state. Lasing waveguide 24 includes an output coupler 58 proximate Yb 

5 doped optical waveguide output end 30. Output coupler 58 is centered about 980 nm 

and is less reflective than back reflector 54 so as to benefit the output of 980 nm light 
from the lasing waveguide. Output coupler 58 and back reflector 54 are fiber Bragg 
gratings that provide reflectivity of light to benefit the lasing operation. Pump reflector 
56 is also a fiber Bragg grating that provides beneficial reflections. These fiber Bragg 

10 gratings can be made in separate optical waveguide fibers which are spliced together 

with Yb doped optical waveguide fiber 26 to form lasing waveguide 24 or could be one 
unitary, integral, and complete single optical fiber or spliced variations thereof. 

Yb doped optical waveguide 26 has a gain G980 at 980 nm and a gain G1030 at 
1030 nm with G98o > Gio3o* Output coupler 58 of lasing waveguide 24 has a reflectivity 

15 OCR, and Yb doped waveguide 26 has a Yb weight percent concentration CONCyb > a 

pump absorption PA 94 6 at 946nm (percent of 946nm pump power absorbed by the Yb 
ions) which depends on the 946 nm pump power and the removal of 1030 nm light by 
1030 nm light removal filter 52, and a length L Y b, wherein gain G980 is dependent on 
CONCyb , PA 94 6 and OCR and the waveguide length Lyb is optimized such that 

20 G98o > Gio30 with G980 depending on CONCyb, OCR, PA 94 6 and Lyb- For a given 

CONCyb > PA946 and OCR, the length L Yb is set at an optical length so that G98o > Gio3o 
and beneficial production of 980 nm light is obtained. In practicing the invention it has 
been found that for a CONC Yb of about 0.2 wt.% Yb , a PA 94 6 greater than 90% (with 
the long period fiber grating filter removing 1030 nm light), and an OCR reflectivity of 

25 about 5% at 980 nm, that the optimized optical fiber length is at about 60 cm. For a 

given inputted pump power the length is adjusted to insure G98o > Gio3o- If light removal 
long period fiber grating filter 52 is not utilized to remove 1030 nm light and bias the 
production of 980 nm light by 946 nm pump light, then PA946 needs to be kept below 
60% so that G98o > Gio3o and to maintain the production of 980 nm which results in 

30 wasting 946 nm pump power. 

Optical waveguide device 18 of the invention provides at least 300 milliwatts 
(mW) of 980 nm output which is readily usable for pumping an optical amplifier and 
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meets the high pump power demands of optical amplifiers. Preferably lasing 
waveguide 24 produces a 980 nm single mode output of at least .5W (a half of a watt). 
Yd doped optical waveguide output end 30 is optically coupled to an Er doped optical 
amplifier 60 as depicted in FIG. 1 . As such, the invention comprises an optical 
amplifier pump that produces at least 500 milliwatts of 980 nm pump power and 
includes a semiconductor laser. Preferably the waveguide device of the invention has a 
Yb laser slope efficiency of at least 80%. With such, the inventive device provides an 
optical to optical conversion efficiency greater than 25% (1 W out at 980nm, 4W in at 
808nm), preferably greater than 30%, more preferably greater than 40%, and most 
preferably greater than 50%. 

The invention further includes a method of producing a 980 nm pump light. 
This method of producing a 980 nm pump light includes the steps of providing a first 
laser for producing an emission Xi centered about 808 nm; inputting the emission Xi 
into a second laser for producing an emission X 2 centered about 946 nm; producing 
emission X 2 , centered about 946 nm; inputting the produced emission X 2 into a third 
laser for producing an emission X 3 centered about 980 nm; and then producing emission 
X 3 centered about 980 nm. 

The step of providing a first laser for producing Xi and inputting Xi includes 
providing a semiconductor laser 32 and coupling semiconductor laser 32 into solid 
state laser 22. The method preferably includes providing a second semiconductor laser 
32 for producing the emission Xi centered about 808 nm, and polarization multiplexing 
or wavelength multiplexing the first laser 32 and the second semiconductor laser 32. 
Preferably first laser 32 and second semiconductor laser 32 are broad-area laser diodes 
which produce a multimode emission Xi . 

Preferably the second laser which provides emission X2 centered about 946 nm 
is a solid state laser 22, most preferably a Nd doped laser, such as a Nd:YAG laser 
which comprises a Yd doped solid state lasing waveguide laser, such as a Yb doped 
laser fiber 26. 

Preferably the method of producing a 980 nm pump light includes the step of 
inhibiting the feedback of 1 030 nm light into third laser 24, such as by filtering with 
filter 52. As shown in FIG. 1 , the method further includes inputting the produced 
emission X 3 centered about 980 nm into Er doped optical amplifier 60. 
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In a further aspect the invention includes an optical amplifier device 18 which 
includes a semiconductor 32 which produces an emission \\ centered about a first 
semiconductor wavelength and a first solid state laser 22 which is optically pumped by 
semiconductor laser 32. First solid state laser 22 produces an emission X 2 centered 

5 about a first solid state wavelength in the Yb absorption spectrum peak that is centered 

about 920 nm. The device further includes a second solid state laser 24 that is optically 
pumped by first solid state laser 22. Second solid state laser 24 produces an emission 
X 3 centered about 980 nm and optical amplifier 60 for amplifying an optical 
transmission signal is optically pumped by second solid state laser 24. Preferably the 

10 first solid state laser 22 is a Nd doped laser and the first solid state wavelength is in the 

range of 880 to 960 nm. Preferably second solid state laser 24 is comprised of an 
optical waveguide which includes a Yb doped silica optical waveguide fiber 26. 
Additionally, second solid state laser 24 preferably includes a fiber Bragg grating back 
reflector 54 and a fiber Bragg grating pump reflector 56. In a most preferred 

15 embodiment of the invention the device includes filter 52 for inhibiting light having a 

wavelength proximate 1030 nm from entering second solid state laser 24. 

The invention further includes a method of amplifying an optical transmission 
signal, which includes: providing a third laser for producing X 3 light; providing an 
optical amplifier which utilizes X 3 light to amplify an optical signal; pumping the 

20 second laser with Xi light produced by the first laser, pumping the third laser with X 2 

light produced by the second laser, and pumping the optical amplifier with the X 3 light. 
Preferably with the method X 3 > X 2 > \\, and most preferably the method includes 
amplifying an optical transmission signal which has a wavelength \ such that \ >X 3 > 
X 2 > X|. In preferred methods: Xj light is centered about 808 nm; X 2 light is centered 

25 about 946 nm; and X 3 light is centered about 980 nm. The method also further includes 

suppressing light having a wavelength centered about 1030 nm, such as with a filter 52. 

The invention further comprises a method of making a 980 nm pump for an 
optical amplifier which includes the steps of providing at least one semiconductor laser 
diode, coupling at least one semiconductor laser diode into a solid state laser, and 

30 coupling the solid state laser into a Yb doped optical fiber laser. Preferably the step of 

providing at least one semiconductor laser diode 32 comprises providing at least two 
semiconductor laser diodes 32, most preferably providing two broad area 
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semiconductor lasers with each of the semiconductor lasers outputting at least 2W (two 
watts) each at a wavelength centered about 808 nm and coupling into a solid state laser 
includes combining the polarization of the two semiconductor lasers. Preferably the 
solid state laser 22 comprises a Nd doped solid state laser. Preferably Yb doped optical 
5 waveguide fiber laser 24 comprises a single clad single mode alumino-silicate Yb 

doped fiber 26. 

In an additional aspect, the invention includes an optical amplifier system that 
comprises a single cladding optical waveguide lasing fiber and a multimode pump 
source. As shown in FIG. 1, the optical amplifier system of the invention comprises 

10 single cladding optical waveguide lasing fiber 126 and multimode pump source 132. 

Preferably single cladding optical waveguide lasing fiber 126 comprises a single mode 
Yb doped optical 26 and multimode pump source 132 is comprised of a first and 
second broad area semiconductor laser 32. Most preferably the single cladding optical 
waveguide lasing fiber is indirectly pumped by said multimode pump source. 

15 Additionally, the invention includes a method of making an optical amplifier pump 

which comprises providing a multimode pump source 132, providing a single cladding 
optical waveguide lasing fiber 126 and indirectly pumping the lasing fiber 126 with 
multimode pump source 132. 

In a further aspect the invention comprises a method of amplifying an optical 

20 signal >v by providing a multimode light pump source having a wavelength Xnm 

multimode brightness output; converting the multimode brightness output into a single 
mode output having a wavelength Xpump; and inputting the single mode output into an 
optical amplifier for amplifying an optical signal \. Preferably \> \ U mp> \nm. 

Additionally, the invention includes an optical amplifier pump for pumping an 

25 optical amplifier with a pump wavelength >Vp U m P , with the pump including a 

semiconductor laser which produces a wavelength Xsemj and the pump outputting at 
least 500mW of light at Xp Ump . Preferably \ erm is not equal to \ uwp (Xsemi * \>ump) and 
most preferably Xsemi is less than Xp Ump (X se mi > \um P )• Preferably Xsemi is in the range of 
780 to 880 nm, and most preferably \ em \ is at a wavelength which excites neodymium 

30 ions. In a preferred embodiment Xp U m P is centered about 946 nm. In a further preferred 

embodiment >Sp U mp is centered about 980 nm. 
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In a further aspect the invention includes an optical amplifier pump with a 
semiconductor laser which produces a wavelength X| for pumping Nd ions, a plurality 
of Nd ions which when pumped by the wavelength X] produces a wavelength X 2 for 
pumping Yb ions, and a plurality of Yb ions which when pumped by the wavelength X2 
5 produces a wavelength X 3 for pumping Er ions. Preferably \\ is in the range of 780 to 

880 nm, X2 is in the range of 900-960 nm, and X3 is in the range of 970-980 nm. 

In addition, the invention includes an optical amplifier pump for pumping an 
optical amplifier which amplifies optical signals in the L-band range of 1560 to 1620 
nm which comprises at least one broad area semiconductor laser and a neodymium 

10 doped solid state laser with the neodymium doped solid state laser pumped by the 

semiconductor laser. As shown in FIG. 3, optical amplifier pump 120 comprises using 
the first part 110 of laser system 20 of FIG. 1 to directly pump L-band optical amplifier 
160 with the 946 nm output from Nd doped solid state laser 22. Broad area 
semiconductor lasers 32 pump solid state laser 22 which inputs the 946 nm light 

15 directly into L-Band optical amplifier 160 without utilizing the Yb doped optical fiber. 

Pump 120 effectively pumps an L-band optical amplifier such as a long length of Er 
doped Al doped silica amplifier fiber. 

The application of the invention to directly pump a L-band optical amplifier 
includes an optical amplifier 160 which has a semiconductor 32, a solid state laser 22 

20 which is pumped by semiconductor laser 32, and an Er doped optical amplifier fiber 

260 for amplifying signals in the range of 1560 to 1620 nm with the amplifier fiber 
pumped by solid state laser 22. Preferably Er doped optical amplifier fiber 260 is a 
long length of fiber having a length in the range of 50 to 250 meters, and more 
preferably 100 to 200 meters. Preferably solid state laser 22 is comprised of 

25 neodymium, such as a neodymium doped solid state laser. Preferably semiconductor 

lasers 32 are broad area multimode semiconductor lasers. The neodymium doped solid 
state laser may comprise a Nd doped crystal, a Nd doped double clad waveguide, or a 
Nd doped tapered waveguide. A Nd doped crystal is the preferred solid state laser, 
with Nd:YAG most preferred. 

30 The invention includes a method of amplifying a L-band optical signal which 

includes the steps of providing an Er doped optical fiber, pumping a neodymium solid 
state laser with a broad area semiconductor laser, inputting the solid state laser directly 
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into the Er doped optical fiber, and amplifying a L-band optical signal with the Er 
doped optical fiber. In a preferred method the provided Er doped fiber has a length of 
at least 100 meters, and most preferably has a length from 100 to 200 meters. Most 
preferably the Er doped optical fiber is an Al doped silica fiber. 

5 

Examples 

The invention will be further clarified by the following examples which are 
intended to be exemplary of the invention. 

10 Example 1-2 

As shown in FIG. 1-2, a single-mode Yb:Si02 fiber laser pumped by a diode- 
pumped 1.1 W Nd:YAG laser at 946 nm in accordance with the invention provided 
>650 mW output power at 980 nm and >80% slope efficiency . Such high output 
power at 980 nm was achieved by pumping at 946 nm using a TEM o,o laser-diode- 

15 pumped Nd:YAG. Although the Yb absorption cross section has a minimum near this 

wavelength, there was still enough absorption to provide the 980nm output. This 
inventive pumping scheme obtained 0.65 W of single-mode output from a CS980 
brand optical fiber (Corning Incorporated; Corning, NY) output fiber , and is scaleable 
to much higher output powers and has been found to be useful for pumping Er-doped 

20 amplifiers. In this high output power operation of the invention the 1030 nm transition 

was suppressed. 

In practicing the invention as shown in FIG. 1 and described herein, the 
invention involves the quasi-four-level transition of Nd: YAG at 946 nm to directly 
pump Yb:Si02 which lases at 980 nm and directly pumps Er. Such production of 980 

25 nm pump light has provided certain advantages such as compatibility with existing 

amplifier component technology and pre-amp stage pumping without significant NF 
degradation as observed with Yb:Er co-doped fibers. 

As shown in FIG 1-2, the TEM o,o pump laser consisted of a Nd:YAG solid state 
crystal pumped by a pair of polarization-multiplexed 2 W multimode, broadened- 

30 waveguide, broad-area semiconductor laser diodes at 808 nm with emitting aperture of 

100 X 1 |im 2 . The solid state laser crystal had a 1 dB absorption length of 3 mm, and 
dimensions 3X3X8 mm. The plano-concave resonator had a length of 7 mm (optical 
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length is 1cm). The radius of curvature was about 10 cm and the thermal lens at 4 W 
pump power was about 1 5 cm. Thermal lensing caused the resonator spot size to 
decrease with increasing pump power, and therefore beam divergence increased with 
pump power. This was verified experimentally, with measured TEM 0 ,o beam 
5 divergence in the range 3.4-6 mrad, depending on output power. A schematic of the 

Nd:YAG laser is shown in FIG. 2. The threshold and slope efficiency of this laser was 
1 W of input pump power and 50%, respectively. It had a FWHM of 0.30 nm centered 
at 945.8 nm. The Nd:YAG solid state crystal laser utilized in the invention was 
obtained from InnoLight GmbH (Hannover, Germany) and the broad-area 

10 semiconductor laser diodes were Polaroid POL-5 1 00BW series brand laser diodes 

(Polaroid Corporation; Norwood, MA). The laser diodes were collimated in the fast 
axis by a |n-lens element with 100 Jim diameter. This reduced the fast axis NA from 0.6 
to about 0.03. An image of the (i-lens aperture was made by a spherical lens element 
which had a focal length of 1.8 cm. The beams from each laser diode were spatially 

15 overlapped in the polarization multiplexer and magnified X 1.5 by a lens element, 

which had a focal length of 2.7 cm. The focused pump spot radius (1/e 2 ) was 
approximately 80±10 |nm. The measured laser beam spot radius at 100 mW output 
power was 80-100 |Lim, corroborating good pump-signal overlap necessary for efficient 
quasi-four-level operation. 

20 With a double-pass pump absorption using appropriate coatings in the Nd:YAG 

laser resonator, about 1 .7 W at 946 nm can be achieved with the same 2X2W laser 
diode pumps. With 85% coupling of this 1 .7 W output into the fiber and an 80% Yb 
laser slope efficiency, greater than 1.2 W @ 980 nm should be obtained. 

The Yb doped fiber laser consisted of a length of Yb-doped fiber with 2 gratings 

25 fusion spliced on each side of it as illustrated in FIG. 1 . In the input side, pump power 

was coupled through a XI 0 aspheric lens element( Newfocus brand lens #5726) into 
Flex core 1060 brand optical fiber (Corning Incorporated; Corning, NY) containing a 
1030nm long-period grating (LPG) which was spliced to CS980 brand optical fiber 
(Corning Incorporated; Corning, NY) containing a Bragg grating back reflector. In the 

30 output side, Flexcore 1060 brand optical fiber (Corning Incorporated) containing a 

Bragg grating pump reflector was spliced to CS980 brand optical fiber (Corning 
Incorporated) containing a Bragg grating output coupler. 
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It was found that efficient pump absorption and exclusive three-level laser 
operation pull the required Yb fiber length in opposite directions; it was found that 
946 nm pump absorption should be at most 4-5 dB at threshold, in order to avoid 
quasi-four-level oscillation in a fiber laser with 14 dB round- trip loss. Since low pump 
5 absorption was unacceptable, a spectral filter was used to increase pump absorption. 

The Yb-doped alumino-silicate fiber with length of 50 cm allowed « 85% absorption of 
pump power just below laser threshold; however, besides three-level oscillation 
between the 2 F 5/2-» 2 F 7/2 manifolds at 978 nm, unwanted quasi-four-level lasing at 
1030 nm and at 1012 nm between two other pairs of strong Stark levels of the same 
10 manifolds was simultaneously observed. This was eliminated by the LPG which had a 

13 dB notch at 1027 nm; this grating had a loss of 0.15 dB at 946 nm and 1.2 dB at 
1012 nm. 

The back reflector was a 0.5 nm FWHM FBG centered at 979,8 nm with peak 
reflectivity >99%. The pump reflector was a 0.6 nm FWHM FBG centered at 945.8 

15 nm with peak reflectivity of >99%; this grating allowed » 97% pump absorption in a 

double-pass; for the given fiber length, by taking the pump reflector out about 15% of 
pump power leaks from the fiber end; it was found that the pump reflector grating also 
helped to suppress unwanted oscillation at 1012 nm. The output coupler had a 0.5 nm 
FWHM centered at 979.9 nm with peak reflectivity of 5%; this grating maintained 

20 narrow-line oscillation at high pump powers. Without the output coupler, the fiber lased 

between its cleaved facets at high pump power. The Yb: SiC>2 fiber was 0.2 wt.% Yb 
and 0.2 wt. Al , NA=0.22, cut-off wavelength of 870 nm and peak absorption of 1 .77 
dB/cm at 980 nm with background loss of 8 dB/km. 

The laser power measured from a cleaved facet of the output CS980 fiber end is 

25 shown in FIG. 4 vs. input pump power (measured before the Newfocus brand xlO 

aspheric lens element); black dots 401 represent result points and solid line 402 is a 
linear interpolation of these results. Threshold was approximately 41 mW of input 
pump power and the slope efficiency was 59 % with respect to input pump power. 
Measured losses were as follows: 1.0 dB fiber coupling loss (which corresponds to a 

30 coupling efficiency of 88% taking into account the lens 97% transmission and 7% 

Fresnel reflection from fiber facets), 0.25 dB splicing loss (for a total of 4 splices) and 
0.15 dB LPG insertion loss, for a total of about 1.4 dB. After correcting for these 
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losses, the laser slope efficiency is 81% and laser threshold is 30 mW, both with respect 
to absorbed pump power. The spectrum at 655 mW output power is shown in FIG. 5; 
it has a FWHM of 0.15 nm centered at 979.8 nm. 

A second alumino-silicate Yb-doped fiber was utilized in the invention, having 

5 2.5 wt.% Yb and 8.3 wt.% Al , NA-0.26, cut-off wavelength of 940 nm and peak 

absorption of 9.75 dB/cm at 980 nm with background loss of 20 dB/km. A 9.5 cm 
length of this Yb-doped fiber allowed about 85% pump absorption, with measured 
threshold and slope efficiency of approximately 60 mW and 60%, with respect to 
absorbed pump power. 

10 These alumino-silicate Yb-doped fibers were prepared by the method by 

MCVD (modified chemical vapor deposition) process. The results for measured slope 
efficiency and power threshold are summarized in Table 1 . In each case, the Yb fiber 
length was optimized for lasing at 980 nm with 90% pump absorption, and splice losses 
were reduced to a minimum. These measurements were obtained with input LPG and 

15 back reflector in place, but no gratings in the output end in that the output reflector was 

the cleaved Yb fiber facet 



TABLE 1. 



Fiber 


Composition 
(oxide wt.%) 


Length 
for 90% 
pump 
absorp- 
tion (cm) 


Pump power 

threshold 

(mW) 


Slope 
efficienc 

y 


Reference 


0.06Yb 


50 


12 


0.67 


First 
Example 


0.2Yb/0.2Al 


60 


28 


0.79 


Second 
Example 


2.5Yb/8.3Al/0.5Ge 


10 


56 


0.57 



20 
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All of these fiber lasers contained two splices: one Flexcore to CS980 splice which 
consistently had a measured loss of <0.1 dB, and one CS980 to Yb fiber with estimated 
loss O.2. The numbers for slope efficiency and threshold were obtained by linear fit to 
measured input/output points and corrected for pump leakage, pump coupling and 

5 Flexcore-CS980 splice loss; they were not corrected for the less reproducible CS980- 

Yb fiber splice loss; thus, slope efficiency with respect to absorbed pump power may 
be up to 5% higher in these alumino-silicates. 

FIG. 6 shows typical spectra observed without the output gratings (pump 
reflector and output coupler) for 300 mW of output power. Curve 601 shows how the 

10 spectrum breaks with only the LPG and back reflector FBG in place; about 92% of 

the laser power output is within the FBG bandwidth; weak spurious feedback causes 
the remaining 8% to be emitted near the peak of the 2 F 5 /2-> 2 F 7/2 transition at 978 nm. 
For comparison, the free-running spectrum (curve 602) and the spectrum obtained with 
the FBG replaced by a chirped FBG (curve 603) are also shown; the former has a 

15 FWHM of 3.3 nm centered at 978.0 nm, while the latter has a FWHM of 3.2 nm 

centered at 979.0 nm. The chirped FBG had reflectivity > 98% over 25 nm centered at 
980.0 nm. Thus the use of proper gratings provided bandwidth control. 

Example 3 

20 The Nd doped solid state laser system was utilized to directly pump an Er doped 

L-Band optical amplifier to provide optical amplification in the 1560 to 1620 range. As 
shown in FIG.3, the Nd:YAG solid state laser output of about 1 watt at 946nm was 
directly coupled into a L-Band optical amplifier so that approximately 29 dBm of 946 
nm light was inputted into a 200 meter length of Er doped optical amplifier fiber. The 

25 Er doped optical amplifier fiber was a silica fiber doped with Er and Al. This provided 

about 22dBm of amplified output power at 1585 nm with 8.9dBm of input power at 
1585 nm. Er propagation loss of about 20dBm/km were estimated and the Er 
absorption at 940 nm was measured to be about 0.2dB/m. 

It will be apparent to those skilled in the art that various modifications and 

30 variations can be made to the present invention without departing from the spirit and 

scope of the invention. Thus, it is intended that the present invention cover the 
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modifications and variations of this invention provided they come within the scope of 
the appended claims and their equivalents. 
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What is claimed is: 

1 . Ail optical waveguide device comprised of: 

a solid state laser for outputting an emission Xj S centered about 946 nm, a lasing 
waveguide, said lasing waveguide comprising a Yb doped optical waveguide, said Yb 
5 doped optical waveguide having an input end and an output end, said input end is 

optically coupled to said solid state laser such that said emission Xs S outputted from said 
solid state laser is inputted into said Yb doped optical waveguide input end and an 
emission \ centered about 980 nm is outputted from said Yb doped optical waveguide 
output end. 

10 

2. A method of producing a 980 nm pump light, said method comprising: 

providing a first laser for producing an emission X b centered about 808 

nm; 

inputting said produced emission Xj, centered about 808 nm into a 
15 second laser for producing an emission X 2 centered about 946 nm; 

producing an emission X2 centered about 946 nm; 
inputting said produced emission X2 centered about 946 nm into a third 
laser for producing an emission X3 centered about 980 nm; 
producing an emission X3 centered about 980 nm. 

20 

3. An optical amplifier device comprised of: 

a semiconductor laser which produces an emission Xj, centered about a 
first semiconductor wavelength; 

a first solid state laser which is optically pumped by said semiconductor 
25 laser, said first solid state laser produces an emission X2 centered about a first 

solid state wavelength, said first solid state wavelength in the Yb absorption 
spectrum peak centered about 920 nm; 

a second solid state laser which is optically pumped by said first solid 
state laser, said second solid state laser produces an emission X3 centered about 
30 980 nm; 

an optical amplifier for amplifying an optical transmission signal, said 
optical amplifier optically pumped by said second solid state laser. 
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4. A method of amplifying an optical transmission signal, said method comprising: 

providing a first laser for producing \\ light; 
providing a second laser for producing X 2 light; 
5 providing a third laser for producing A3 light; 

providing an optical amplifier which utilizes A3 light to amplify an 
optical signal; 

pumping said second laser with \\ light produced by said first laser; 
pumping said third laser with A2 light produced by said second laser; and 
10 pumping said optical amplifier with A 3 light. 

5. A method of making a 980 nm pump for an optical amplifier comprising: 

providing at least one semiconductor laser diode; 
coupling said semiconductor laser diode into a solid state laser; 
15 coupling said solid state laser into a Yb doped optical fiber laser. 

6. A method of making an optical amplifier pump, comprising the steps of: 

providing a multimode pump source; 

providing a single cladding optical waveguide lasing fiber; and 
20 indirectly pumping said lasing fiber with said multimode pump source. 

7. A method of amplifying an optical signal \, comprising the steps of: 

providing a multimode light pump source having a wavelength A,™ 
multimode brightness output; 
25 converting said multimode brightness output into a single mode output 

having a wavelength Xp Ump ; 

inputting said single mode output into an optical amplifier for 
amplifying an optical signal At. 



30 
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8. An optical amplifier pump for pumping an optical amplifier with a pump 
wavelength >sp limp? 

said pump including a semiconductor laser which produces a 
wavelength Xj emi ; 

said pump outputting at least 500 mW of light at Xp U mp- 

9. An optical amplifier pump comprising: 

a semiconductor laser which produces a wavelength \\ for pumping Nd 

ions; 

a plurality of Nd ions, which when pumped by said wavelength Xi, 
produces a wavelength X 2 for pumping Yb ions; 

a plurality of Yb ions, which when pumped by said wavelength X 2 
produces a wavelength X 3 for pumping Er ions, 

10. A method of amplifying a L-band optical signal comprising: 

providing an Er doped optical fiber; 
pumping a neodymium solid state laser with a broad area 
semiconductor laser; 

inputting said solid state laser into said Er doped optical fiber; and 
amplifying a L-band optical signal with said Er doped optical fiber. 
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APPARATUS AND METHOD OF PHOTO-SPECIFIC TISSUE 

TREATMENT 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the use of non-coherent 
light in various health-related fields such as medicine, dentistry, and veterinary 
medicine. More specifically, the invention relates to the use of pulsed light to 
treat biological tissue. 

Laser surgery is commonplace in modern dental practice. Reasons 
for laser use include minimization of both trauma during surgery and post- 
operative pain to the patient. Laser light has been used to stop bleeding, to cut 
tissue, to weld, and to coagulate tissue. This light/tissue interaction can cause 
non-specific photo-thermal changes that can result in reflection, absorption, 
scattering, and transmission of the light by the tissue. Details can be found in a 
reference entitled Lasers in Dentistry, by L.J. Miserendino and R.M. Pick, 
Quintessence Books, 1995. 

Lasers can function to concentrate high densities of light energy on 
a very small spot. Very little of this light is diverged because of the coherent and 
collimated nature of laser light. 

Many patents have issued in the field of using laser light as a tool 
in medical applications. Among these include ophthalmic treatments for macular 
degeneration, retinal attachment, and cataract removal. Patents also have issued 
relating to the use of laser light for hair removal, dermatology treatments, scar 
removal, and facial rejuvenation. 

As one example, U.S. Patent No. 5,435,724 to Goodman et al. 
describes dental procedures and apparatus using pulsed ultraviolet light. 
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Specifically, ultraviolet light pulses are used to selectively etch both hard and 
soft tissue in dental procedures. Distinct ablation, or vaporization, thresholds 
exist for each type of tissue. This allows the dentist to perform both hard and 
soft tissue procedures without damaging healthy enamel, dentin, or the like. 

5 Laser light has been widely applied in dentistry for soft tissue 

treatment and surgery. Laser light customarily is delivered via optical fibers, 
hollow waveguides, or articulated arms. Dental soft tissue treatment may 
include hemostasia coagulation, ablation, and vaporization of soft oral tissue. 
Lasers have been used for periodontal treatment, gingiva surgery, frenum 
10 surgery, and the like. In fact, laser treatment of maxillary midline frenectomy is 
becoming a standard of care. Post-operative pain is rare when lasers are used for 
this procedure. 

Medical, dental and veterinary procedures that use laser light 
function by raising tissue temperature. The table below indicates the effects on 
15 tissue as a function of temperature and energy. 

TABLE 1 



Tissue Effect 


Temp (degrees O 


Energy 


fWatts/cm 2> > 






Hyperthermia 


37-50 


<10 


Coagulation 


50-60 


100-500 


Welding 


70-80 


500 


Vaporization 


90-100 


500-1,000 


Carbonization 


100-150 


1,000-5,000 


Rapid Cutting 


>175 


>5,000 



2 
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One advantage of laser soft tissue treatment is that the heat 
generated kills bacteria. It also provides a bloodless operating field, which 
results in less post-operative inflammation and pain. 

Most laser procedures are contact, or near contact, surgeries, 
5 making the collimation feature not critical. In addition, laser light loses its 
coherent upon passage through a fiber optic. Since most dental lasers are 
delivered through fiber optics, the coherent characteristic is not necessary either. 
The important and necessary feature of the delivered light for medical, dental 
and veterinary procedures is its energy density. 

1° In the past, conventional photo-thermal treatment of oral soft tissue 

has been accomplished using only certain approved lasers. These include visible 
light lasers such as argon and infrared lasers such as aluminum gallium arsenide 
diode, Nd: YAG, Ho: YAG, Er:YAG, and C0 2 These devices are very efficient 
in providing the desired photo-thermal effects on soft tissue. 

15 According to dental and medical authorities, the advantages of 

using lasers, particularly C0 2 lasers, in oral surgery, include excellent 
hemostasis, improved viability during the procedure, minimal damage to 
adjacent tissue, reduced postoperative swelling, pain and infection, and a relative 
absence of scarring and wound contracture. These benefits have been attributed 

20 to the ability of the C0 2 laser to seal small blood vessels and lymphatics, which 
circumvent some of the inflammatory processes of wound healing. The C0 2 
laser was limited in its early use by its inability to be effective in hard tissue, 
namely bone, enamel, cementum, and dentin. 
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Further work to broaden the application of lasers led to the 
Nd:YAG lasers in the 1980's. Research continues to develop new uses for 
dental lasers, for hard tissue procedures as well as various restorative procedures. 
Some of the procedures may be caries detection and prevention, cutting enamel, 
5 dentin, and bone, desensitization of dentin, enamel etching, osteoplasty, and 
osteotomy. 

One drawback of these laser tools is that they are quite expensive 
to purchase and maintain. Also, certain lasers equipped with articulating arms 
are often cumbersome. Specifically, C0 2 lasers with articulated arms are often 
10 difficult to use for dental procedures. Additionally, the C0 2 laser beam is 
invisible. A visible He:Ne laser beam can be built coaxially, for use as an 
aiming device. Aiming an invisible light at soft tissue from a distance is difficult 
and risks adjacent tissue of being inadvertently hit by the laser beam. 

The fact that lasers are monochromatic is an inherent limitation, 
15 because tissue absorption profiles are polychromatic. Because of this 

discrepancy, lasers offer a less than optimum and limited range of applicability 
in many dental and medical procedures. 

Many medical, dental, and veterinary laser procedures are contact, 
or near contact surgeries, making the collimation feature of laser light not 
20 critical. In addition, laser light loses its coherent upon passage through a fiber 
optic. Since most dental lasers are delivered through fiber optics, the coherent 
characteristic is not necessary either. The important and necessary feature of the 
delivered light for medical and dental procedures is its absorption by tissue. 
This absorption raises the tissue temperature and causes the tissue effect. 

25 
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Since the absorption profile for all tissues is a broad band of 
wavelengths, the monochromatic feature of laser light is also not necessary. In 
fact, more efficient transfer of energy occurs over the entire bandwidth of the 
absorption profile of the tissue. 



5 It should therefore be appreciated that there is a need for an 

improved apparatus and related method for treating biological tissue as 
effectively as some of the laser systems described above, but without the 
associated drawbacks. The present invention satisfies this need. 

SUMMARY OF THE INVENTION 

10 The present invention is embodied in an improved apparatus and 

related method for performing medical and/or dental procedures on a target 
biological tissue, with greater efficiency and without undue expense. The 
apparatus includes a light source for emitting a high-intensity light beam having 
an initial polychromatic spectrum, and a light guide having an inlet disposed at 

15 an effective focal position of the light source and a handheld outlet end, of small 
cross-section, configured to be disposed in proximity to the biological tissue to 
be treated. A pulsing device also can be included, for pulsing the light beam 
emitted by the light guide for a selected duration and duty cycle, such that the 
biological tissue being treated undergoes a thermal relaxation response between 

20 successive pulses. In addition, an optical filter can be included for tailoring the 
spectrum of the light beam directed to the target tissue for efficient interaction 
with the tissue. 

In more detailed features of the invention, the apparatus further 
includes an adapter selectively attachable to the outlet end of the light guide, for 
25 directing a portion of the light beam emitted by the light guide to the biological 
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tissue to be treated. This adapter can be configured to carry the optical filter. 
Further, the pulsing device can be configured to allow an operator to 
independently control both the duration and the duty cycle of the successive 
pulses of light emitted by the apparatus. This pulsing device preferably is 
disposed between the light source and the light guide. The light guide preferably 
takes the form of an optical fiber assembly including a bundle of tightly packed 
optical fibers, with the inlet end of the optical fiber assembly having a diameter 
in the range of 1 to 2 mm. 

In other more detailed features of the invention, the apparatus is 
configured to be suitable for use in dental procedures on hard dental tissue, 
including tooth bleaching, curing of dental composite materials, detecting of 
caries, cutting of enamel, dentin and bone, desensitizing of dentin, etching of 
enamel, osteoplasty, ostectomy, shade matching and other cosmetic procedures, 
trans-illumination, imaging and/or illumination. In such applications, the light 
source preferably is selected from the group consisting of halogen lamps, metal 
halide lamps, and plasma arc lamps, and it is configured to produce a light beam 
having a power level in the range of 12 to 500 watts. The polychromatic light 
beam directed to the biological tissue to be treated preferably has a power level 
of at least about 0. 1 watt and includes wavelengths in the range of about 400 to 
750 nm, and it has a photo-specific energy density in the range of 10 to 5000 
watts/cm 2 . 

Other features and advantages of the present invention should 
become apparent from the following description of the preferred embodiment, 
taken in conjunction with the accompanying drawings, which illustrate, by way 
of example, the principles of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified schematic drawing of a preferred 
embodiment of a photosurgery apparatus in accordance with the invention. 

FIG. 2 is a more detailed diagram of the control panel portion of 
5 the photosurgery apparatus of FIG. 1. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

For the purposes of this description, the terms 'medical/ 'dental' 
and Veterinary' are used interchangeably. Most of the examples will be for 
dental applications of the light apparatus, but it is to be understood that the soft 
10 tissue treatments could be performed on any biological tissue. 

The apparatus of the invention utilizes a special non-laser light 
source that is capable of delivering high power densities of a narrow wavelength 
distribution. The apparatus can perform contact or near contact treatment of 
tissue. The apparatus uses non-coherent visible light transmitted through a light 
15 guide, e.g., an optical fiber assembly, a hollow or liquid-filled waveguide, or an 
articulated arm, to deliver sufficient light energy to the tissue to controllably 
increase the tissue temperature. As can be seen in the above table, the increased 
tissue temperature results in hyperthermia, coagulation, welding, vaporization, 
carbonization, or rapid cutting. 

20 The light source preferably is configured to emit visible light 

having a plurality of wavelengths and combinations of wavelengths in the visible 
and near infrared regions. A preferred wavelength spectrum is in the range of 
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400-750 nm, and preferably centered at about 565 nm. A 100-500 micron filter 
delivering at least 0. 1 watt of continuous or selectively pulsed light to the tissue. 



The apparatus of the invention overcomes the drawbacks 
associated with lasers by providing an inexpensive and versatile alternative to 
achieve comparable photo-thermal treatment. In the present invention, metal 
halide lamps are used which exhibit larger arcs of light energy. To couple a 
significant amount of light energy into a single transmission fiber requires that 
the fiber be larger than 600 microns. A single fiber would be too stiff and/or 
fragile to be used in the desired applications of this invention. In this invention, 
other means are used to transmit large amounts of light energy to tissue. 

The arc sizes of the metal halide lamps used in this invention are 
made by Welch Allyn, Inc., of Skaneateles Falls, New York, and can be easily 
coupled into fiber bundles between 1 mm and 2 mm in diameter. With lamp 
powers of between 12 watts and 500 watts, such lamps achieve efficiencies 
which can provide between 2 to 5 watts of power coupled into and transmitted 
through a fiber optic bundle. The wattage not transmitted through the fiber 
optic bundle is dissipated as heat. 

Coupling large amounts of non-coherent energy through small 
single strand fiber optic cable is known. To maintain flexibility, such single 
fibers must be no larger than 600 microns, typically 400 microns. To 
accomplish this, the energy source must be a short-arc arc lamp, at power levels 
ranging from 12 to 500 Watts, with special large diameter focusing optics to 
couple the required amount of energy into the fiber. The resulting high-intensity 
beam can be directed by the fiber tip directly into or onto tissue to achieve rapid 
photo-coagulation. 
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In this invention, a fiber optic bundle, consisting of many 
individual small diameter fibers configured in a tightly packed optimal 
configuration at the ends, is used to transmit light energy. This results in a fiber 
optic bundle with diameters larger than 600 microns and extremely flexibility. 
5 The end fibers are fused into solid entrance apertures of up to several inches in 
diameter, maintaining flexibility through the bulk of the length of the 
transmission cable and a relatively high transmission efficiency. Such a fiber 
bundle exhibits similar light transmission efficiencies as single fibers, with the 
exception of packing fraction losses. These losses are due to the cladding loss 
10 at the fiber entrance and they can usually be limited to not more than 30 to 35 % 
of the total amount of light transmitted. The increased diameter of the entrance 
aperture and resulting increased coupling efficiency can more than make up for 
this loss. 

The tip of the fiber optic assembly can be a bare fiber, a sculpted 
tip, a tapered fiber optic bundle, a focusing handpiece, or a defocusing 
handpiece, depending on the spot size appropriate for the procedure to be 
performed. A defocused tip allows the light to spread out to a larger spot size. 
Focused light is used when contact surgery is being performed. Defocused light 
is used for illumination and for non-surgical procedures such as dental bleaching, 
shade matching, and curing composite dental resins. The tip of the fiber optic 
assembly also can connect to a cannula, for convenient use in directing the light 
to selected portions of the target tissue. 

In this invention, the larger exit diameters for the fiber conduits (up 
to 600 microns), handpieces which condense the transmitted light energy into 
25 higher intensity spots are required. These handpieces may be disposable or 

removable to facilitate sterilization, and would consist of a lens or mirror which 
redirects the exiting light beam into a tightly focused spot. The lenses are either 
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discrete lenses spaced at an appropriate distance from the fiber exit to reduce the 
image size, or the end of the fiber optic cable can be figured into a focusing lens 
to produce the intense spot of light. Another possible approach for light delivery 
is to use a Selfoc™, or gradient index lens, attached at the end of the fiber optic 
5 bundle to produce the high-intensity spot at a distance from the end of the fiber. 
These approaches produce a high-intensity spot capable of performing dental, 
medical, and veterinary procedures on biological tissue with light at a distance of 
several millimeters to several inches from the fused fiber end of a lamp. 

Yet another embodiment for delivering the light energy to the 
10 tissue includes a handpiece attached to a fiberoptic bundle, wherein the 

handpiece delivers the light through a focusing lens into a small cannula or 
hollow waveguide or sculptured sapphire tip, all of which could be used in or out 
of contact with the target tissue. The tips or cannulas could be detachable, 
autoclaveble or disposable. This embodiment could be used in contact with the 
15 tissue, or even in a procedure below the gingival tissue in the sulcus to treat 
periodontal disease and the like. 

As can be seen from Figure 1, the apparatus of this invention is 
enclosed in a housing, which is preferably made of a combination of metal and 
injection molded plastic. The power supply 1 is internal, and may be either 110 
20 or 220 volts. The light source 2, may be visible light such as halogen, metal 
halide, plasma arc or the like with an output of 12 to 500 watts. Multiple light 
sources are also considered to be within the scope of the present invention. 

A pulse device 3 is configured to grate or optically chop the light 
beam emitted by the light source 2, to cause a strobe of the emitted light. The 
25 pulse device controls both pulse duration and duty cycle. Pulsing allows the 
treatment of tissue without anesthetic, which benefits both the doctor and the 



10 



WO 00/44294 PCT/USO 0/02 136 

patient. The light pulses raise the tissue temperature, and the interruptions allow 
the tissue to have a thermal relaxation response. 



A filter 4 filters different portions of the visible spectrum of the 
light emitted by the light source 2. For example, the visible blue range (400-500 
nm) is effective for photopolymerization, and the visible green range (480 -590 
nm) is effective for surgical procedures. The filter can include a series of 
wavelength-specific filters that are actuated by a solenoid (not shown) to move 
them into the optical path. The filtering also can also be accomplished by either 
a filter or an optical coating on either end of the fiber optic delivery guide for 
each individual application. In addition, there may be multiple outlet ports, as 
well as multiple configurations of application-specific fiber optic guides, 
handpieces, and cannulas. 

A control panel 5 allows an operator to control the apparatus using 
either a foot switch 9 or a finger control (not shown) in the handpiece 7. Remote 
control also is an option. The apparatus can operate as a stand-alone unit or it 
can be integrated into multiple operatories. The apparatus also can be integrated 
into traditional dental control units or into a high-tech accessory dental unit. In 
addition, the apparatus can be controlled by a separate foot pedal, or a foot pedal 
connected to a dental chair or a switch in the handpiece of the dental instrument. 

The pulsed light beam generated by the apparatus of this invention 
is delivered to the tissue 10 through the optical fiber assembly 6, the handpiece 
7, and the cannula 8. 

Figure 2 shows a detailed view of the control panel 5. Control 
switches are provided, including a switch 21 to control the power selection, a 
switch 22 to control the selection of pulsing or continuous operation, and a 
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switch 23 to control the selection of color. The color selection switch selects the 
portion of the visible light spectrum that the operator desires to use, such as the 
wavelength range for blue light (400-500 nm) or for green light (480-590 nm), 
as discussed above. 



The apparatus has multiple outlet ports 26, which allow the 
apparatus to be used for soft tissue surgery, photopolymerization, bleaching, 
illumination, caries detection, and shade matching for cosmetic dentistry. This 
feature allows the operator to perform two or more operations simultaneously. 

A reflector (not shown) that is part of the light source 2 has a focal 
point that either is in the longitudinal axis or is off-axis to the hot spot of the 
bulb. The hot spot is a section of the bulb (filament or arc) in which the 
maximum brightness occurs. This is substantially brighter than other sections of 
the light source. The bulb preferably is positioned so that this hot spot is 
coincident with the reflector's focal point. 

The patient contact tool (i.e., the handpiece 7 and the cannula 8) 
may be detached from the optical fiber assembly 6 and sterilized in an autoclave, 
whereas the fiber optic guide may be autoclavable or disposable. 

A microprocessor (not shown) controls the apparatus' various 
operating parameters, based on inputs from the control switches, etc. In 
addition, the microprocessor can select pre-set operating parameters and 
automatic default settings for specific applications, as desired by a user. 

The microprocessor also may be coupled to one or more remote 
microprocessors, to allow the tool to be controlled at a site remote from the 
patient. 
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Although the invention has been described in detail with reference 
only to the presently preferred embodiment, those skilled in the art will 
appreciate that various modifications can be made without departing from the 
invention. Accordingly, the invention is defined only by the following claims. 
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1 . A method for performing medical and/or dental procedures 
on a target biological tissue, comprising: 

aiming a high-intensity, polychromatic light beam onto the target 
biological tissue, to heat the tissue and induce a photo-thermal effect therein; and 

pulsing the light beam for a selected duration and duty cycle, such 
that the tissue undergoes a thermal relaxation response between successive 
pulses. 



2. A method as defined in claim 1, wherein aiming comprises 
directing the light beam through a light guide having an outlet end disposed 
adjacent to the target biological tissue. 

3. A method as defined in claim 2, wherein pulsing includes 
periodically intemipting the light beam prior to its being directed through a light 
guide in directing. 

4. A method as defined in claim 1, and further comprising: 
generating a light beam having an initial polychromatic spectrum; 

and 

filtering the light beam to remove a portion of its initial 
polychromatic spectrum prior to aiming. 



5. A method as defined in claim 1, wherein the method is 
effective as a dental procedure on hard dental tissue, including tooth bleaching, 
curing of dental composite materials, detecting of caries, cutting of enamel, 
dentin and bone, desensitizing of dentin, etching of enamel, osteoplasty, 
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osteotomy, shade matching and other cosmetic procedures, trans-illumination, 
imaging and/or illumination. 



6. A method as defined in claim 1, wherein the method 
delivers sufficient energy to the target biological tissue to raise the tissue to a 
temperature in the range of 37° to 175° C. 

7. A method as defined in claim 5, wherein the polychromatic 
light beam aimed at the target biological tissue has a power level of at least about 
0.1 watt and includes wavelengths in the range of about 400 to 750 nm. 

8. A method as defined in claim 7, wherein the light beam 
aimed at the target biological tissue has a photo-specific energy density in the 
range of 10 to 5000 watts/cm 2 . 



9. A method as defined in claim 1, wherein: 

the method is effective as a dental procedure on soft biological 

tissue; and 

the light beam aimed at the target biological tissue has a photo- 
specific energy density sufficient to cause hyperthermia, coagulation, welding, 
vaporization, carbonization, and/or rapid cutting. 

10. Apparatus for use in treating biological tissue, comprising: 
a light source for emitting a high-intensity light beam having an 

initial polychromatic spectrum, wherein the light source directs the light beam to 
an effective focal position; 

a light guide having an inlet end disposed at the effective focal 
position of the light source and further having a handheld outlet end, of small 
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cross-section, configured to be disposed in proximity to the biological tissue to 
be treated. 



11. Apparatus as defined in claim 10, and further comprising: 
a pulsing device for pulsing the light beam emitted by the light 
guide for a selected duration and duty cycle, such that the biological tissue being 
treated undergoes a thermal relaxation response between successive pulses; and 

a filter for removing a portion of the initial polychromatic spectrum 
of the light beam. 



12. Apparatus as defined in claim 1 1, and further comprising an 
adapter selectively attachable to the outlet end of the light guide, for directing a 
portion of the light beam emitted by the light guide to the biological tissue to be 
treated. 

13. Apparatus as defined in claim 12, wherein the filter is 
carried by the adapter. 



14. Apparatus as defined in claim 1 1, wherein the pulsing 
device is configured to allow an operator to independently control both the 
duration and the duty cycle of the successive pulses of light emitted by the 
apparatus. 



15. Apparatus as defined in claim 1 1, wherein the pulsing 
device is disposed between the light source and the light guide. 

16. Apparatus as defined in claim 10, wherein the apparatus is 
configured to be suitable for use in dental procedures on hard dental tissue, 
including tooth bleaching, curing of dental composite materials, detecting of 
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caries, cutting of enamel, dentin and bone, desensitizing of dentin, etching of 
5 enamel, osteoplasty, ostectomy, shade matching and other cosmetic procedures, 
trans-illumination, imaging and/or illumination. 

17. Apparatus as defined in claim 16, wherein the light source 
is selected from the group consisting of halogen lamps, metal halide lamps, and 
plasma arc lamps. 

18. Apparatus as defined in claim 16, wherein the light source 
is configured to produce a light beam having a power level in the range of 12 to 
500 watts. 

19. Apparatus as defined in claim 16, wherein the 
polychromatic light beam directed to the biological tissue to be treated has a 
power level of at least about 0. 1 watt and includes wavelengths in the range of 
about 400 to 750 nm. 

20. Apparatus as defined in claim 19, wherein the 
polychromatic light beam directed to the biological tissue to be treated has a 
photo-specific energy density in the range of 10 to 5000 watts/cm 2 . 

21. Apparatus as defined in claim 10, wherein the light guide 
comprises an optical fiber assembly, 

22. Apparatus as defined in claim 21, wherein: 

the optical fiber assembly includes a bundle of tightly packed 
optical fibers; and 

the inlet end of the optical fiber assembly has a diameter in the 
5 range of 1 to 2 mm. 
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The present invention relates to a method and an apparatus for permanently or temporarily removing human hair, for 
miniaturising the same or for changing the colour thereof. This apparatus can also be used for coagulating blood vessels, veins or a 
selective injury of the derma collagen in order to regenerate the same. This apparatus uses one or more incandescent lamps (4) in 
which the radiation spectrum (34) can be modulated in order to heat slowly and efficiently the derma (17) and in order to heat locally 
the hair follicles (35). This apparatus also includes an optical system that converts the blue-green portion on the spectrum of the 
incandescent lamps (4) into a red region of the spectrum, that provides a highly efficient concentration of converted radiation from the 
incandescent filament (37) of the lamps (4) on the area of biological tissues to be treated, and that ensures a repeated recirculation 
towards the skin (17) of the radiation scattered by the same. 



(57) PecfrepaT 



npe/yiaraeTCH npuSop m npoqecc jxnn nocTOSHHoro m 
BpeMeHHoro yA&neHMfl He/iOBenecKi/ix bojioc, fix MHHnaT*opn3aunn v\ 
n3MeHeHHR uBeia. ripn6op MoxeT ncno/ib30BaTbcq TaKxe a/is 
Koary/iRunn kpobahnx cocyAOB, BeH n ce/ieKTi/iBHoro noBpe^eHi/in 
KOJi/iareHa AepMnca c ue/ibto ero pereHepaunn. B np^Sope 
Mcno/ib3yeTC5R ojxna win HecKO/ibKO naw\n HaKa/ii/iBaHi/ift (4) c 
MOAy/iflunew cneKTpa yi3/iyHeHHfl (34), o6ecneHHBaK)mero 
34)4)eKTMBHbiPi M^rKMM HarpeB .aepMnca (17) v\ JioKanbHbiM HarpeB 
bojiochhoi/i c^o/i/iUKy/ibi (35). npn6op co£ep>Kt/iT oirmnecKyK) cucTeMy 
o6ecneHMBafomyKD npeo6pa30BaHMe cnHe-3e/ieHoi7i nacTn cneKTpa 
ziaMnbi HaKa/ii/iBaHi/m (4) b KpacHyfo o6/iacTb cneKTpa, a TaKxe 
BbicoKoact)(J)eKTHBHyfo KOHueHTpaui/iio npeo6pa30BaHHoro i/!3/iyHeHfm 
hutm HaKa/ia (37) JiaMn (4) Ha o6pa6aTbtBaeMy*o 06/iacTb 6noTKaHH 
(17) n MHoroKpaTHyfo ui/ipKy/iauiiio yi3/iyHeHi/ifl pacces^HHoro ot kcoki/i 
(17) oSpaTHo b KO>Ky (17). 



HCKJDOHHTEJIhHO flJIfl IJEJIEH HHOOPMAIJHH 



Koflbi, Hcnojn>3yeMbie pa o6o3H8 t ieHHH cTpaH-HJieHOB PCT Ha thtyjibhbix Jincrax 6ponnop, b kotopmx ny6jiH 

KyiOTCH MeHCAyHapOflRbie 33HBKH B COOTBeTCTBHH c PCT. 
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YcTpoiicTBO aih TepaneBTMsecKow w KOCMeTojioruHecKOM 
4>oToo6pa6oTKM 6noTKaHew m cnoco6 ero Mcnoxib30BaHiifl 

06/iacTb TexHMKH 
M3o6peTeHne othochtch k MeAWUMHCKoCi TexHUKe v\ MoxeT 

5 npi/iMeHHTbca b AepMamnorw/i ann nocTOHHHoro n BpeMeHHoro 
yAaneHnq He/ioBesecKHX bojioc, nx MHHnaTiopi/i3aunn n n3MeHeHnq 
UBeia, a TaioKe a/ih Koarynauw/i KpoBeHocHbix cocyAOB n ce/ieicrnBHoro 
noBpe>KAeHi4q Ko/i/iareHa m noAKOXHoro xnpa. 

ripeAUJecTByiomufi ypoBeHb TexHUKU 

1 0 M3BecTHbi ycTpofiCTBa (J)OTOo6pa6oTKH 6i/iOTKaHetf t pa6oTa 

KOTopwx ocHOBaHa Ha cejienrn/iBHOM HarpeBe >KenaeMOM o6/iacTi/i 
SnoTKaHU (koxu, KpoBeHOCHoro cocyAa wua bo/iochhom cfeojuiwcyjibi). B 
KanecTBe hctohhwo H3/iyHeHHH b stux ycTpoMCTBax ncno/ib3yioTCH 
/ia3epbi i/i ji w AyroBbie naMnbi. 

15 B ochobhom ce/ieKTHBHoro HarpeBa ncno/ib3yioTCfl 

/ia3epHbie mctohhmkh CBeTa. 3to cB*3aHo c TeM, hto jia3ep 
o6ecnesnBaeT Han/iyHiuyio cneiapa/ibHyio ce/ieKTHBHOCTb. KpoMe Toro 
Jia3ep, no3Bo/i^eT no/iynnTb n\o6y\o AnnTe/ibHocTb i/iMny/ibca Bn/iOTb ac 
Hecxo/ibKHX cJ)eMTOceKyHA, n TeM caMbiM, o6ecnewnTb ce/ieKTMBHbiC; 

20 HarpeB 6no^ornMecKMx cTpyioyp JiioSbix pa3MepoB. ktaJiyseHne /ia3epa 
nerKO cfroKyc^ipyeTCH b Ma/ibiw o6beM. 3to no3BO/iaeT AocTi/Nb 
xe/iaeMoro ypoBHH n/iOTHocTn SHeprnn, a Tao<e o6ecnesnTb BbicoKyio 

3<t>C{)eKTHBH0CTb BBOAa H3/iyseHHfl B OnTI/lHeCKOe BOJIOKHO \A AOCTaBKy 

ero k onepaunoHHOMy no/iio. B to xe BpeM* Jia3ep HB/iaeTca caMbiM 
25 AoporocTo^muM hctohhukom CBeTa m o6naAaeT noBbiiueHHOM 
onacHocTbio npe>KAe Bcero Arm 3peHna nonb30BaTe/iq. 

J\nn paua npuMeHeHnw bo3moxhocth ce/ieicrnBHoro na3epHoro 
HarpeBa He hbjihiotch Heo6xoA^MbiMH n MoryT 6biTb ocymecTB/ieHbi 
HeKorepeHTHbiMM i/icTOHHi/iKaMM, HanpuiMep, jiaMnotf. ripn stom, a/ia 
30 cneicrpa^bHOM ce/iei<unn ncno/ib3yeTCfl nor/iomaiouuMM v\m 
(JxnyopecueHTHbiw $njibTp. B naTeHTe CLUA ^3,327,7 12 npeA/ioxeHo 
ncno/ib30BaTb AyroByio JiaMny, c cf)n/ibTpoM b o6/iacTH 300-^600hm u 
AOCTaBKOM i/13/iyHeHt/m no xryTy bo/iokoh, Ana Koaryrmui/in TKaHei/i, a b 
naTeHTe CLUA X24.298.005 - ycrrpoMCTBO coAepxamee AyroByio JiaMny, 
35 OTpaxaTe/ib m cneKTpa/ibHbii/i cJ>n/ibTp b AMana30He 320-450 hm a/ih 
KOCMeTO/iornnecKnx npi/iMeHeHW/i. 3to ycTpoficTBo He TpeSyeT 

BOJlOKOHHOfi AOCTaBKH 1/13/iyHeHWfl. 

B naTeHTe CLUA JST25.320.61 8 oni/icaHo ycipoticTBO, b kotopom 
A/ifl ce/ieKUUM n3/iyMeHMq AyroBOM naMnbi ncnonb3yeTCH 

40 0/iyopecueHTHbiM (JwnbTp. O/iyopecueHTHbiM cJwnbTp nor/iomaeT 
3Heprnio kopotkobo^hobom sacTn cneKTpa naMnbi, KOTopaa He 
B03AewcTByeT Ha MnweHb m nepensnynaeT ee b AnuHHOBo/iHosyio 
o6/iacTb, An« kotopom nor/iomeHne MumeHu MMeeT 3HaMHTenbHyio 
BennMUHy. B naTeHTe CLUA ^23,693, 623 BnepBbie npeA^oxeHO 

45 ncno/ib30BaTb AyroByio naMny c 3e/ieHbiM c{)n/ibTpoM n aoct3bkoCi 
M3/iyneHH« no onTunecKOMy bo/iokhy atir ynanen\A9\ eA^HUHHoro BO/ioca 
nyTeM Koary/iqunn KpoBeHocHbix cocyAOB b nann/i/ie. 

06mnw HeAOCTaTOK npuBeAeHHbix Bbiuie naTeHTOB coctomt b 
tom. hto onucaHHbie b hmx ycTpoficTBa coAepxaT AyroByio naMny, 
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KOTopaa Boofiuue roBopa, AeiueBJie n npome /ia3epa, OAHaico Tpe6yeT 

BblCOKOBO/JbTHblX CM/lbHOTOMHblX MCTOMHUKOB HMTaHMq H He MOXeT 

3KcnnyaTMpoBaTbCfl b AOMaiuHnx yc/ioBnax \ajw\ b KOCMeTi/inecKux 
canoHax. KpoMe Toro, npn6op Ha ocHOBe AyroBow jiaMnbi HMeeT 

5 BeCbMa HM3KyiO 3(})(t)eKTHBH0CTb. 3T0 CB83aH0 C TeM, HTO 

ac()ct)eKTHBH0CTb npeo6pa30BaHt/ia aneKTpuMecKOM sHeprnn b hmx b CBeT 
He npeBbiLuaeT 60%, a nnoTHocTb moiahoc™ Ha BHewHei/i noBepxHoc™ 
n/ia3MeHHoro cTo/i6a i/i3-3a Ma/ioro Koscj^nui/ieHTa NepHOTbi" \AW\eer 
He6o/ibLuyio Be/iMMi/iHy, hto orpaHMHi/iBaeT MaKct/iMa/ibHbitf rotok, 
10 naAaiomnti Ha noBepxHocib koxh. 

JXnn co3£aHHR MaKCHMa/ibHo AeweBbix cfroTosni/maTopoB v\ 
c})OTOKocMeTHHecKMX npw6opoB b HacTOFimee BpeMq Han6o/iee 
noflxoA^muM hctohhukom CBeTa aB/iaeTcq ziaivina HaKa/iMBaHna. /laMna 
HaKa/ii/iBaHi/iH MoxeT nunaTbcq 6e3onacHbiMn Anq ne/iOBeKa 

15 l/!CTOHHl/|KaMI/| C HH3KMM HanpHXeHHeM, a 3Ct)C{)eKTHBH0CTb 

npeo6pa30BaHwq entr \T\wi-wiCKo\A 3Heprnn b CBeTOByio y ziaivinbi 
HaKa/inBaHnq Bbiwe, neM y AyroBbix ziaivin (0,85 h 0,6 cooTBeTCTBeHHo). 
Cneiapa/ibHaq sc^eKTHBHOCTb naMnbi HaKa/inBaHi/iq a/ih cnHero \a 
3e/ieHoro Anana30Ha Hwxe neM y AyroBoi/i n3-3a orpaHnneHHoi/i 

20 TeMnepaTypw h\aj\a (< 3800°K) t oAHaKo b AnanaaoHe a/ihh bojih, b 
kotopom Han6o/iee 3$(J)eKTHBH0 noBpexAaeTCfi bo/ioc (SonbLue 
600hm) cneicrpa/ibHas 3c})4)eKTHBH0CTb He ycTynaeT 3ct)<t)eKTi/iBHOCTn 
AyroBbix /iaMn c tow xe uBeTOBOM TeMnepaTypow. H/ioTHOcTb 3Heprnn 
Ha noBepxHoc™ hutw HaKa/ia Bbiwe neM Ha noBepxHocTn n/ia3MeHHoro 

25 CTO/iSa, hto no3BO/iqeT AocTi/iHb 6o/ibwetf n/ioTHOCTM SHeprwn Ha 
noBepxHoc™ koxi/i. JlaMna HaKannBaHna b ot/imhwh ot AyroBotf naMnbi 
He MoxeT sct^eKTMBHo 1/13/iyHaTb nMny/ibCbi Kopone 50mc, hto oSbiHHo 
Heo6xoAHMO &nn cejiexn/iBHoro HarpeBa o6nacTH Bo/iocaHoro cTon6a 
\ajva nanmi/ibi b oco6eHHoc™ a/ih tohkhx bo/ioc h/w tohkoto c/ioa 

30 AepMnca, noAKOXHoro xupa win KpoBeHocHbix cocyAOB. lloaTOMy a/ih 
C03A3hi/ir AetueBoro v\ 6e3onacHoro npn6opa a/ih yAa/ieHi/m bo/ioc Ha 
ocHOBe ziaMnbi HaKa/i^BaHnq HeoSxoAUMo o6ecnenwTb 
Aono/iHUTe/ibHbie npneMbi noBbiweHt/iR 3({)(f)eiornBHocTi/i B03AeMCTBnq, 
hto n AB.rmeTca npeAMeTOM HacToaiuero n3o6peTeHi/m. 

35 Haw6o/iee 6/ih3Kmm k npeAnaraeMOMy ycTpoficTBy m BbiSpaHHbiM 

b KanecTBe npoTOTuna nzmeicn ycTpoftcTBo txnn Koary/iflunH 
KpoBeHocHbix cocyAOB ( naT. CLUA A r o4.539.987 onyS/ii/iKOBaH 
10.09. 1985r.). 

3to ycTpowcTBo coAepxnT hctohhuk sjieKTpoMami/iTHoro 
40 n3/]yneHMq b bmas JiaMnbi HaKa^nBaHnq, pec|)TieKTop a/i« KOHueHTpaunn 
H3JiyHeHna Ha o6pa6aTbiBaeMyio oS^acTb 6noTKaHM, npi/i stom MexAy 
nawnoiA HaKa/iUBaHnq n o6pa6aTbiBaeMOii 6noTKaHbra noMemeH 
KpncTa/]/iMHecKMii AM3/ieKTpnK npo3paHHbifi j\nn n3/iyneHnq n 
HaxoAflLUHMCfl b KOHTaKTe c o6pa6aTbiBaeMow 6t/ioTKaHbio. 3tot 
45 KpucTa/i/iMHecKWw sneMeHT, coeAHHei-iHbifi c cucTeMOM oxnaxAeHnq 
\ajua TermoeMKOM Maccow, npeAHa3HaneH jxnn OTBOAa Terma ot 
npunoBepxHOCTHoro c/ioq koxm. MexAy ziaMnoM m npo3paHHbiM 
Ana/ieiapuKOM MoxeT 6biTb noMemeH nornomaioLAUM c^n/ibTp, 
nponycKaiomuiM n3/iyHeH^e b o6/iacTH 600-1400hm. B ycTpotfcTBe 
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ncno/ib3yeTCH jiaMna HaKa/iHBannq c 3JieKTpnHecK0M MomHocTbio 
6o/iee 15Bt, c n/iOTHocTbio moluhocti/i Ha noBepxHoc™ 
o6pa6aTbiBaeMow 6noTKaHi/i 6o/iee 10Bt/cm 2 . PeKOMeHflyeMaq b stom 
naieHTe n/ioTHOcTb moiuhoctm cocTaB/iaeT 1 50Bt/cm 2 , ajih nero 

5 npeAnoiiaraeTca b ycTpowcTBe ncno/ib30BaTb jiaMny HaKa/iwBaHna c 
MaKCHMa/ibHOM a^eiapuMecKOM MomHocTbio nopaAKa 400 Bt , KOTopaa 
pa6oTaeT b o6bMHOM HenpepbiBHOM pexuMe c BpeMeHeM B03AewcTBnq 
oko/io 2 ceK. Koary/iaui/iq KpoBeHocHbix cocyAOB ocymecTB/iaeTca 
r/iaBHbiM o6pa30M 3a cneT nor/iomeHnq n3/iyseHnq ziaivinbi boaom, 

10 coAepxametica b Koxe. 

HeAOdaTKOM aioro ycipowcTBa qBJiqeTca HenpuroAHocTb ann 
3c})ct)eKTMBHoro /lOKa^bHoro HarpeBa Bo/ioca n/iw Me/iKoro 
KpoBeHocHoro cocyAa, tohkoto c/ioa AepMi/ica t/mn noAKoxHoro xnpa. 
fleficTBMTe/ibHo, KaK noKa3aHo b naieHTe CLUA JS&5735844 ony6/i. 

15 07.04. 1998r. f A/ia nopaxeHi/m Bo/ioca Heo6xoAHMO M3/iyHeHne c 
pjUAHoi/i BOJiHbi ot 600-M100hm, c n/ioTHocTbio sHeprnn He MeHee 
lOflx/cM 2 npn fl/i \at&j\ bHocTM uiMny/ibca 1-20 mc. TaKMM o6pa30M 
n/ioTHOcib moiuhocth b stom Ai/iana30He AO/ixHa 6biTb He MeHee 
500Bt/cm , hto 3HaHMTe/ibHo Bbinie, neM MoxeT 6biTb no/iyseHO c 

20 ncno/]b30BaHneM jiaMnbi HaKa/iMBaHM9 c MaKCHMa/ibHow a/ieicrpuMecKoti 
MomHocTbio 400BT b HenpepbiBHOM pexuMe, npi/i AnaMerpe 
ocBemeHHoCi 30Hbi Ha noBepxHoc™ 6noTKaHH 25 mm. 3aMeTHM, hto 
HOMUHa/ibHaq MomHOCTb 400Bt nsnnejcn npaicrnHecKUM npe^e^OM una 
MMHuaTiopHbix ra/ioreHHbix jiaMn, i/13/iyneHne Koiopux MoxeT 6biTb 

25 CKOHueHTpupoBaHO Ha He6onbLuoM ( 010-25 mm) n/iomaAKe. Ilpw stux 
yanoBi/inx CBeTOBaa MomHocTb b 06/iacTn cneiapa 600-1400hm Ha 
noBepxHOc™ 6i/iOTKaHi/i He 6yAeT npeBbiwaTb 150 Bt (no/iHaa cBeTOBaq 

3(Jx})eKTI/IBHOCTb 0.8, 3$4>eKTHBHOCTb OCBeTHTejlH 0.8, AOJ1H CBeTOBOTO 

H3/iyHeHi/m b o6/iacTi/i 600-1400 hm - 0.6: 0.8-0. 8-0. 6=0. 4), a 

30 n/lOTHOCTb MOLUHOCTH - 40BT/CM 2 , HTO OriHTb T3KU 3HaHMTeribHO HMxe 

HeoSxoflUMbix 500Bt/cm 2 . 06paTHbiM pacneTOM zierKo y6eAHTbcq, hto 
Heo6xoAMMaq MoiunocTb JiaMribi Ao/iXHa cocTaB/mTb donee 6kBt. 

Hai/i6o/iee 6jih3khm k npeA/iaraeMOMy cnoco6y i/icnojib30Baw/m 
3aqB/iaeMoro ycTpoCicTBa, n npuHqTbiM b KanecTBe npoTOTuna, 

35 qB/iqeTcq cnoco6 yaanenm bojioc, oni/icaHHbitf b BbiweynoMaHyTOM 
naTeHTe (cm. RaTeHT CLUA >65735844 ony6/i. 07.04.1998r.). B stom 
cnoco6e ncno/ib3yioTcq KopoTKne cBeTOBbie nMny/ibCbi A/iHTe/ibHocTbio 
ot 2 ao 100 mc c nacTOTOM c/ieAOBaHnq 1 Tu n a/whom Bo/iHbi b 
Anana30He ot 680 ao 1200hm b coneTaHnn c ox/iaxAeHMeM 

40 snuAepMwca. CymHOCTb npoTOTuna coctout b tom, hto b yKa3aHH0M 
Anana30He ahuh bojih MenaHUH, coAepxamnMcq npenMymecTBeHHo b 
MaTpuKce KJieTOK Bo/iocqHoi?i c^o/i/inKy/ibi n cTBo/ie Bo/ioca, 06/iaAaeT 
6onee bhcokum nor/iomeHneM neM Bee ocTa/ibHbie KOMnoHeHTbi koxh. 

ri03T0My B03MOXeH Ce/ieKTUBHbltf HarpeB BO/lOCqHOM ({DO^/lUKy/lbl n 

45 nopaxeHne ee opraHOB OTBeTCTBeHHbix 3a pocT BO^oca: MaTpMKca 
icneTOK b o6/iacTM nannn^bi n CTHM-ioieTOK b o6nac™ cTBo/ia Bo/ioca. 
TaK KaK Me/iaHMH coAepxnTcq TaKxe Ha rpaHnue AepMnca n 
snuAepMnca, to npn nopaxeHnn 4)o/i/inKy^bi bo3moxho 
OAHOBpeMeHHoe nopaxeHne snuiAepMMca, HanpuMep ero oTc/ioeHne. 
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An* npeAOTBpameHMfl nopaxeHna annAepMnca b stom cnoco6e 
ncno/ib3yeTCH npeABapi/rre/ibHoe n OAHOBpeMeHHoe co cBeTOBbiM 
B03flei4CTBneM ox/iaxAeHne 3nnAepMnca. Cnoco6 yAaneHna bojioc, 
onucaHHbiCi b 3tom naieHTe, npeAHa3HaseH nnn OAHOBpeMeHHoCi 

5 06pa60TKM OAHUM CBeTOBbiM HMny^bCOM HeCKO/lbKHX BOJIOCflHblX 

<J)OJiJii/iicyji. n/i0TH0CTb 3Heprnn onTMMecKnx HMny/ibcoB nexm b 
npenenax or 10 ao 200 Ax/cm 2 , m npeAno/iaraeTCH wcno/ib30BaHne 
JiioSbix HMny/ibCHbix uctohhukob 3/ieKrpoMarHHTHoro i/13/iyHeHHfl, 
BK/iioHaq Jia3epbi n HeKorepeHTHbie mctohhukm, c yKa3aHHbiMH Bbiiue 

10 napaMeTpaMH. 

HeflocTaTKOM npoTOTuna cnoco6a HB/iaeTca HeAocTaTOHHaa 
3c})ct)eKTHBH0CTb ncno/ib30BaHi/m 3/ieKTpoMarHHTHofi sHeprnn npn 
o6pa6oTKe w3-3a HeonTHMa/ibHoro pexuMa B03jxe\Acrsm Ha 6noTKaHb 
onTusecKnx HMny/ibcoB c BbicoKotf rmoTHocTbio SHeprnn. 

15 PacKpbiTue n3o6peTeHna 

3aAaHew, Ha peweHne kotopom HanpaB/ieHO npe/yiaraeMoe 
M3o6peTeHne, aB/iaeTca yAeweB/ieHne ycipoMCTBa c OAHOBpeMeHHbiM 
noBbiiueHneM sctxtieKTHBHocTM \a 6e3onacHoc™ nopaxeHnq Bo/iocqnoM 
<t>cxnjii/iKyjibi Ann nepMaHeHTHoro ee noBpe>KAeHi/ifl mjim 3aAep>KKU 

20 poda, MMHnaTiopn3aunn \asva ocBeT/ieHna Bonoca, a TaKxe KoaryjiHuw/i 
KpoBeHOCHbix cocyAOB \a ce/ieianBHoro noBpe>KAeHt/m Ko/i/iareHa koxi/i 
win noAKoxHoro xnpa. 

AaHHaq 3aAasa pewaeTCfl 3a cseT AOCTuxeHnq TexHi/isecKoro 
pe3y^bTaia t 3aiaiioHaiomerocq b oniMMa/ibHOM ncno/ib30BaHnn cbomctb 

25 o6pa6aTbiBaeMOM 6noTKaHH, 3aioiioHa»omeMCR b M3MeHeHtin ee 
cocTOHHi/ifl b 3aBMCMM0c™ ot BpeivieHM, aHepn/in \a cneiapa 
B03AeMCTByiomero n3/iyHeHHH. 

Ana AocTMxeHMR yKa3aHHoro TexHi/isecKoro pe3y/ibTaTa jiaMna 
HaKaxinBaHnq, KOTopaa HB/iaeTca hctoshmkom 3/ieKTpoMarHt/iTHoro 

30 H3/iyneHHR b npeA^araeMOM ycipowcTBe coeAHHeHa c 6/iokom nwaHi/m 
sepe3 MOAyiiRTop. 3tot MOAy/iRTop coAepxi/iT U3Mepwejib 
conpoTHB/ieHMR hutm Haica/ia ziaMnbi m peryjisrrop moiuhocth, hto 
no3BOjifleT o6ecneMMTb onTHManbHbiPi pexi/iM o6pa6oTKM SnoTKaHefi. 
BHyTpeHH^q noBepxHocib pe^/ieiaopa, npeAHa3HaHeHHoro 

35 KOHueHTpauwn nsJiyseHi/m jiaMnbi Ha 6noTKaHb, Bbino/iHeHa 3epKa/ibHotf 
c (J>yHKUweM B03BpaTa n3jiyHeHi/m, OTpaxeHHoro ot o6pa6aTbiBaeMOM 
SnoTKaHn, o6paTHO b 6noTKaHb. 3to no3BO/ineT 3HaHi/nre/ibH0 noBbicnTb 

3(}>(J)eKTHBHOCTb cf)yHKUMOHMpOBaHMq ycTpoi/icTBa. 

B KOHTaiae c o6pa6aTbiBaeMow TKaHbio npn pa6oTe ycTpoticTBa 
40 HaxoAHTca ox^axAaeMaq Ans/ieiopuHecKaq npn3Ma, npeACTaB/iaioLuafl 
co6oCi BO/iHOBOA- C ue/ibKD oSecneneHi/m Aono/iHUTe/ibHOM 
6e3onacHocTn o6pa6oTKM k stow Ans/ieiapi/iHecKoii npn3Me Bn/iOTHyio 
npucoeAMHeHa MeTa/uiUHecKafl nnacTMHa, KOTopaR Tao<e HaxoA^Tcq b 
KOHTaicre c o6pa6aTbiBaeMoCi TKaHbio n coeAHHeHa c cucTeMoCi 
45 ox^axAeHH*. flpn stom npn o6pa6oTKe TKaHM ycTpowcTBO 
nepeMemaeTcq TaK t hto HeoS/iyneHHbiM ysacTOK koxh CHasa^a 
conpuKacaeTCR c MeTa/i/wHecKoui n/iacTHHoti, a 3aTeM c Aus/ieicrpHKOM. 

B ycTpowcTBe npeAycMOTpeH TaKxe cneKTpa^bHbiw 4>MiibTp f 
nomomaKDUunCi BpeAHoe Ann 6noTKaHn n3/iyseHMe t KOTopbiw c 
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AH3/ieKTpnHecKMM 3/ieMeHTOM o6pa3yeT onTusecKuPi bojihoboa. 3to, b 
coMeraHnn co ccfcepHnecKoi/i BHyTpeHHei/i noBepxHOdbio pecj^/ieiaopa n 
KOHMMecKOM Sokobom ero noBepxHocTbio oSecnesi/iBaeT B03BpaT 
n3/iyMeHMq, oTpaxeHHoro ot 6noTKaHM, oSpaTHO b 6noTKaHb. 

5 Aono/iHUTe/ibHo, BHyTpeHHe npocTpaHCTBO pecjxneicropa MoxeT 

6biTb CHa6xeHo cucTeMOM B03AywHoro oxna^eHMH. 

KpoMe OTAe/ibHoro cneicrpa^bHoro cfin/ibTpa 6a/inoH JiaMnw 
HaKannBaHU^, 3epKajibHoe noKpbrrne BHyTpeHHefi noBepxHOCTH 
pect/ieiaopa, MoryT 6biTb Bbino/iHeHbi c cJ>yHKLUieii /iioMUHecueHTHoro 

10 cneicrpa/ibHoro npeo6pa30BaTe/ifl. 

BbiTOBOM BapnaHT npeA/iaraeMoro ycTpoficTBa Ana, Hanpi/iMep, 
yaanenwn Bonoc b AOMawHux yc/ioBUflx MoxeT 6biTb Bbino/meH b bha© 
"mnnuoB", 3axBaTbiBaioLunx cj^parMeHT koxh c bo/iochhoCi $oj\n\AKynoiA 
c yneTOM KOHueHipaunn i/i3/iyHeHi/m Ha hux b coMKHyTOM coctohhi/ih 

15 mnnuoB. npoc{)eccnoHaribHbiw BapnaHT npeA/iaraeMoro ycTpoCicTBa 

MOKeT 6blTb BbinO/lHeH C HCnO-nb30BaHHeM HeCKOJlbKHX MUHWaTKDpHblX 

JiaMn c Hanp^xeHneM rwaHUH Huxe 40B. BbiTOBOM BapnaHT 

npeAnaraeMoro ycTpoMCTBa Moxer coAepxaTb OAHy Mi/mnaTiopHyio 

ziaMny c HanpaxeHneM nwaHna ao 40B. 
20 Cnoco6bi ncno/ib30BaHna npeAflaraeMoro ycTpoficTBa a/ih 

o6pa6oTKH pa3/inHHbix 6noTKaHetf oT/n/isaiOTCfl BpeMeHeM 

B03Aei4CTBHR ( cneiapa/ibHbiM Anana30HOM n BpeMeHeM o6/iyHeHi/m. 

llpMseM npeABapme/ibHO nponcxoAUT ox/ia>KAeHi/ie o6pa6aTbiBaeMOM 

noBepxHocm, a 3aTeM o6/iyseHMe b ABe c£>a3bi. I/lcitnioHeHneM nsnneicn 
25 c/iynaM noBpe>KAeHMR KO/i/iareHa AepMnca c ue/ibio CTi/iMy/muwn ero 

pereHepaunn \asua noBpe>KA6HH9 ancm noAKoxHoro xnpa. 

B npeA^araeMOM ycTpowcTBe ncno/ib3y»oTCfl JiaMnbi 

HaKa/iUBaHi/m n MOAy/mTop TOKa n/in HanpaxeHfm, KOTopbii/i i43MeHfieT 

cneiap n3/iyMeHi/iR 

30 ziaMnbi bo BpeMeHU TaK, hto BHasa/ie B03AeficTBHH cBeTa Ha Koxy 
(nepBaR cf>a3a - npeAHarpeB) MaKCHMyM n3jiyseHnq cocpeAOToneH b 
6/in>KHeM UK Anana30He, a b KOHue bosabmctbur oh cMemaercfl b 
KpacHyio o6/iacTb cneiapa ( BTopaa ct>a3a - nopaxeHne). Ha nepBoti 
4>a3e nponcxoA^T HarpeB AepMwca 3a cseT nor/iomeHi/tfl H3/iyHeHi/ifl 

35 boaom, coAepxameMCR b AepMwee, ao TeMnepaiypbi He npeBbiwaiomefi 
TeMnepaTypy ero AeHaTypaui/iw 45-55°C. Ha btopom ct)a3e, npi/i 
CMeiueHUM MaKcuMyMa cneiapa i/13/iyHeHMfl b KpacHyio o6/iacTb 
cneiapa, nponcxoAm ceneKTHBHbiM HarpeB KOMnoHeHT BO/ioca 
coAepxamux Me/iaHMH: MaTpuKca K/ieTOK u CTBO/ia Bo/ioca u 

40 HaxoARmnxcq paaoM c hi/imh nani/m/ibi n cTHM-iaieTOK. T.k. Ha 1 c})a3e 
hx Hana/ibHaR TeMnepaTypa CTaHOB^TCR Ha 9°-15°C Bbime oSbiHHofi jyj\n 
koxh, to Ana ce/ieKTMBHoro Harpeea m nopaxeHUR Ha 2 4>a3e 
TpeSyeTCR Ha 30-40% MeHbtuaa sHeprnq, neM npw HarpeBe 6e3 1 
cf)a3bi. Anq npeAOxpaHeH^q annAepMnca ot nopaxeHMR ncno/ib3yeTCH 

45 KOHTaKTHoe oxna^eHMe, TeMnepaiypa annAepMUca MoxeT 
n3MepqTbCR \a npn AocrnxeHMW TeMnepaiypbi ko>kh b TeneHne 1 <J)a3bi 
3aAaHHoro ypoBHR, HarpeB MoxeT 6biTb ociaHOB/ieH, a aHeprna 
i/13/iyHeHna Ha btopom c})a3e ycTaHaB/iUBaeTCR na 6e3onacHOM ypoBHe. 
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OTJIUHHTejlbHafl OC06eHHOCTb BTOpoCl 4)a3bl COCTOHT B TOM, HTO 

MoiUHOCTb JiaMnbi Ha stow ct>a3e 3HasnTejibHo npeBbnuaeT 
HOMUHanbHyio, ho b ci/my Ha/innnq npeAHarpeBa JiaMnbi Ha nepBOM 
<t>a3e n MaiiOM A^me/ibHocTn BTopotf ct>a3bi sto He npHBOAHT k 

5 pa3pyweHwo huth HaKa/ia JiaMnbi. 

M3/iyHeHMe JiaMnbi win HecKOJibKi/ix JiaMn HaKajinBaHna, kzk h b 
npoTOTnne, c noMombio pecjxneKTopa HanpaBJiaeTca Ha 
o6pa6aTbiBaeMbiM ynacTOK ko>kh. B otjiuhhh ot npoTOTnna 3tot 
pectxneicrop b coseTaHnn c bojihoboaom nocipoeH TaK t hto oh 

10 B03BpamaeT n3JiyHeHi/ie, oTpaxeHHoe ot SnoTKaHn, oSpaTHO b 
6noTKaHb. TeM caMbiM noBbiwaeTCH acfccfreKTi/iBHOCTb ncno/ib30BaHn« 
mouuhocth JiaMnbi. flonojiHi/nrejibHO, 3cf>ct>eKTHBH0CTb ycTpoCicTBa 
noBbiiuaeTCR 3a cneT ncnojib30BaHi/iq JHOMMHecueHTHoro 
npeo6pa30BaTe/iq 3Heprni/i ( yjibTpacfu/iojieTOBoro , cnHero n 3e/ieHoro 

15 n3/iyseHHR b xejiTo-KpacHyio o6/iacTb cneicrpa. 

KpaTKoe onncaHne cfrnryp sepTexew 
CymHocTb M3o6peTeHnq noacHfleTca cfcuirypaMi/i, r\ae Ha 
(p\ArA noKa3aHa 6jiOK-cxeMa ycTpowcTBa \a ceseHne ero HaKOHeHHi/iKa. 
0nr.2 noKa3biBaeT BpeMeHHbie AnarpaMMbi moluhocth JiaMnbi, a/iuhh 

20 bojihw MaKCMMyMa H3JiyseHHH, flo/iew n3JiyneHHfl JiaMnbi b 
HH(t>paKpacHoti m KpacHOM o6/iacTHX cneKTpa, a TaKxe conpoTHBJieHnq 
JiaMnbi. 

Ha ct>nr. 3 noKa3aHO pacnpeAejieHne TeMnepaTypbi BHyTpw ko>kh no 
OKOHsaHnio nepBow cfc>a3bi - npeAHarpeBa, a 
25 $nr. 4 H/uiiocTpnpyeT 3aBnci/iMocTn TeMnepaTypbi 6a3a/ibHoro cjioh, 
CTHM-icneTOK w MaTpi/iKca toieTox bojiocbhoCi c|)OJiJiMKyjibi ot BpeweniA 
Ha BTopofi 4)a3e. 

cDnr. 5 noKa3biBaeT ceseHnq HaKOHesHMKOB ynpomeHHoro BapnaHTa 
ycTpotfcTBa Ma/iow cpeAHew molahocth \a BbinojiHeHHbix b BMAe 
30 "mnnuoB". Our. 6 noKa3biBaeT ceneHne ziaMnbi ycTpoficTBa 
coAepxamew HecKO/ibKO "njiocKnx" cnnpajiew. 

Ha cj)nr. 7 noKa3aHo ceneHnq HaKOHesHWKa coAepxamero seTbipe 
JiaMnbi. 

OnncaHHbie HMxe cxeMbi n pexi/iMbi pa6oTbi npeAJiaraeMoro 
35 ycTpoMCTBa He ncsepnbiBaioT Bcex B03M0>KHbix BapnaHTOB peajiM3auw/i 
AaHHoro H3o6peTeHi/ia. YcTpotfcTBO MoxeT uunpoKo ncnojib30BaTbCH 
Ann TepMnnecKoro B03AeMCTBnq Ha pa3JinsHbie KOMnoHeHTbi koxh c 
ncno/ib30BaHneM JiaMnbi HaKa/n/iBaHMH. ripnMeHeHi/ie 3Toro ycTpoMCTBa 
He orpaHMHi/iBaeTCH c^oTosnn^quneii n/in cJ)OTOMOAn4)HKamieM bojioc, 
40 MoxeT ncno/ib30BaTbcq Arm B03AewcTBnq Ha KpynHbie KpoBeHOCHbie 
cocyAbi, HOXHbie BeHbi c ue/ibra hx JieneHi/iH, Ha KOJiJiareH AepMnca c 
ue/ibio ero pereHepaunn, ct>OTo6nocTHMy/iHunn n ap. 

JlyMiuMM BapnaHT ocymecTBJieHna n3o6peTeHi/ra 
YcTpoiicTBO coctomt (c|)nr. 1) \A3 HaKOHeHHnKa 1, rnSicoro xryTa 
45 2 npoBOAOB n Tpy6onpoBOAOB n 6/ioKa nwaHnfl n ynpaBneHMa 3. 
HaKOHeHHWK 1 coctout M3 ra/ioreHHOii ^aMnbi HaKa/inBaHi/m 4, KOTopaq 
noMemeHa b Tpy6xy 5 H3 CTeiaia n/in Ans/ieKTpnnecKoro KpncTa/i/ia, 
pecJ)/ieKTopa 6, Bbino/iHeHHoro H3 wejanna \ah\a onTuwecKoro 
MaTepna^a, Ha BHyTpeHHioio noBepxHocTb KOToporo HaHeceHO 
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BbicoKOOTpaxaiomee noKpbrrne 7, (Jw/ibTpa-BojiHOBOfla 8, 
npeACTaB/iqioiuero H3 ce6n csHABMH-cTpyKTypy: JiiOMUHecueHTHbiM 
npeo6pa30BaTe/ib 9 - ox/iaxAaiomaq He3aMep3aioiuaa xnAKOCTb 10 - 
on-MHecKufi Ten^on3o/iqTop 11, npn3Mbi 12 m 

5 BbicoKOTen^onpoBOAHoro npo3paHHoro Ana/ieicrpi/iHecKoro MaTepna/ia 
v\ 3aKpenneHHoCi b MeTa/i/ii/isecKOM onpaBe 13, KOTopaa sepe3 
TepM03^eKTpnsecKne 3/ieMeHTbi 14 (HanpuiMep, 3/ieMemrbi fle/ibTbe) 
noAcoeflUHeHa k oxna>KflaeMbiM boaom hjih B03flyxoM 
TepMopaAnaTopaM 15. CsHABUH-CTpyicrypa 4>mibTpa 8 o6pa3yeT c 

10 AUs/ieiapHHecKofi npM3M0M 12 onTWHeciaifl bo/ihoboa.. OnpaBa 13 c 
oahom crropoHbi MMeeT npoAO/ixeHne b B\Ajxe MeTa/uii/iHecKOM n/iacTMHbi 
16, coeAHHeHHoM c TepMoajieicrpuMGCKWM 3/ieMeHTOM 14. Hi/ixhhh 
noBepxHOdb n/iacTUHbi 16 m npu3Mbi 12 HaxoAHTca b KOHTaiae c 
o6pa6aTbiBaeMOM 6noTKaHbK> 17. K npn3Me 1 2 npucTas/ieH 

15 TepMoceHcop 18, npeACTaB/iaiomni/i co6om TepMonapy, TepMUdop win 
paanoMeTp. YKa3aHHbie nejanw cMOHTupoBaHbi b Ten/ion3o/inpyfomeM 
Kopnyce 19. HaKOHewHi/iK 1 coeanHeH c 6jiokom nmaHnq m ynpaB/ieHwa 
3 c noMombio xryTa 2 3/ieKTpnHecKnx npoBOAOB 20 a/ih nMTaHMft 
ziaMnbi 4 h npoBOAOB 21 a/ih nuTaHna TepMos/ieKTpusecKMX 3/ieMeHTOB 

20 1 4. XnAKocTHbie uj/iaHru 22 anyxaT jaj\9\ noAasn oxnaxAaromefi 
xmakocth, KOTopaa Ao/iXHa uupKy/inpoBaTb nepe3 oTBepcTna 23 b 
pecfrjieKTope 6 m TepMopaAnaTope 15. Bo3AyxonpoBOA 24 c/iyxnT a/ia 
noAasn n npoxo>KAeHnq cxaToro B03Ayxa sepe3 KaHa/i 25 b Kopnyc 19 
n pect»^eKTop 6, Aanee sepe3 OTBepcTna 26 b Tpy6Ke 5, pectmeiorope 6, 

25 Kopnyce 19 u b y3/iax Kpen/ieHna 3/ieicrpoAOB 27. ripoBOAa 28 cnyxaT 
Ann noAann cuima/ia c TepMoceHcopa 18. E/iok nuTaHna m ynpaB/ieHUfl 
3 coctout m 6/ioKa ni/rraw/ifl - 29, MOAy/iaTopa TOKa, HanpaxeHi/ifl m/im 
molahocth - 30, KOMnpeccopa 31, MuiKponpoueccopa 32, n cucTeMbi 

OXJiaXAeHHH C )KHAKOCTHblM HaCOCOM 33. 

30 Yctpomctbo, Ha npuiMepe yAajieHi/ia bojioc, pa6oTaeT 

c^eAyiomuM o6pa30M: H3jiyseHne 34 ziaMnbi 4 npaMo i/mn c noMombio 
pecjxneicropa 6 nepe3 6/ioKnpyiomi/ii7i Hexe/iaTe/ibHbii/i cneiap 3/ieMeHT 8 
nonaAaeT Ha Ko>Ky 17 m B03AewcTByeT Ha Hee nocpeACTBOM 
nomomeHUR boaoCi. 3to M3/iyHeHne B03AetfcTByex TaKxe Ha ue/ib - 

35 HanpMMep, Ha BO/iocflHyio c^o/i/inKy/iy 35 sepe3 nonnouueHne CBeia 
Me/iaHUHOM \ajva KpoBeHocHbiw cocyA sepe3 nor/ioLueHne CBeia 
3/ieMeHTaMM kpobm. H3BecTH0, mto b c/ieACTBun oeteMHoro pacceqHuq 
b Koxe sHasnTe/ibHafl MacTb M3JiyHeHi/m paccei/iBaeTcq Ha3aA (S. R. Utz 
and et. Percutaneous blood laser biostimuiation. First clinical results. 

40 Pros. SPIE, vol.1643, p. p. 228-239, 1992). 3tot sc^eicr MaKCMManeH b 
KpacHoti o6/iacTi/i cneicrpa, TaM rAe nomomeHne ko>km MUHUMa/ibHO. 
Ko3c})(t>nuneHT oTpaxeHnq MoxeT AocTuraTb 80% npoueHTOB (Peters 
V.G. at all. Phys. Med. Biol.35, 1990, p.p. 1317-1334). Ec/im, 
HanpMMep, nacTb pecJ)/ieKTopa 6, pacno/ioxeHHaa HaA ziaMnoCi 

45 HaKa/ii/iBaHi/ia 4, npeACTaB^aeT coSoCi nacTb ccfiepbi, a ueHTp KpwBM3Hbi 
STOW ccfrepbi pacno/ioxeH Ha 6nM)KaMUjeM k JiaMne 4 rpaHn 36 4)MJibTpa 
8, to AH0cJ)y3HO oTpaxeHHoe ot ko>km 17 M3/iyseHne 34, npoPiA^ 
bojihoboa, o6pa30BaHHbiti 3/ieMeHTaMM 8 n 12, BbixoAm sepe3 3Ty 
rpaHb. 3aTeM, nonaB Ha cct>epnHecKyio 3epKanbHy»o noBepxHOdb 7 
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pec|)iieKTopa 6, B03BpamaeTCfl cHOBa Ha yi<a3aHHyio rpaHb 36 n aanee 
nepe3 Bo/iHOBoa CHOBa Ha Ko>Ky 17. B npejanaraeMOM ycTpoficTBe sto 
113/iyHeHne HanpaB/meTc* Ha3aA Ha oTpaxaiomee noKpbiTue 7 
pe<t>/ieicropa 6 \a CHOBa B03BpamaeTCH b Koxy 17. npwneM, Tynofi yro/i 

5 HaioioHa 6okoboCi BHyTpeHHefi noBepxHoc™ 7 pecfxneiaopa 6 
o6ecneHUBaeT nonaaaHMe Ha ccJ)epuMeci<yio sadb Aaxe nyne\A % 
KOTopbie BbiCiflq H3 rpaHn 36 nona/iw Ha 6oKOByra noBepxHocib. 

3(|)c})eKTHBH0CTb o6paTHoro oTpaxeHua oneHb BbicoKa t. k. 
BHyTpeHHRR noBepxHOCTb 7 pecJ)/ieicropa 6 noKpbua 

10 BbicoKOOTpaxaiomuM MaTepna/ioM: Cu, Au mjiw Ag v\nv\ MHoroc/ioCiHbiM 
Ana^eKTpusecKUM noKpbuneM. Ko3(|)<t>i/im/ieHT OTpaxeHi/m npeBbiiuaeT 
90%. KpoMe toto rmomaAb noBepxHOdn huth HaKa/ia 37 jiaMnbi 
HaKa/inBaHnq 4 oneHb Ma/ia, MaTepna/i Tpy6KW 5 n pecjxneicropa 6 
06/iaflaeT oneHb Ma/ibiM nor/iomeHneM Ha A/iwHax bojih CBeTa, 

15 B03AeficTByioiJuero Ha KO>t<y 17. HosTOMy, Ha Ka>KAoe nepeoTpaxeHne 
H3/iyMeHua b Koxy 17 B03BpamaeTca Rr n sacTb naaaioineii Ha Hee 
SHeprnn, rfle R - Koact^nuueHT oTpaxeH^q koxh, r - Kos^iAmenr 
oTpaxeHnq noBepxHOCTM 7 pe^eiaopa 6, n - huc/io OTpaxeHHtf. B 
pe3y/ibTaTe MHoroKpambix oipaxeHUM ocBemeHHOdb BHyipn koxh 

20 yBe/wHWTCH b 1 ripn R=0,8, r=0,90 n n=2 s^eKT ycw/ieHiiq 
1 — 

ocBemeHHocTM AOCTuraeT neTbipex pa3. Cnejxyer oTMeTHTb, hto 
Han/iyHiuuM 3cJ>4>eKT ycmieHi/m ocBemeHHOc™ BHyTpn koxha 3a cneT 
peunpicy/iquMM c})otohob oSecnesutBaeTCfl npn pa3Mepe naTHa 6onee 10 

MM. 

25 PaccMOTpuM pexuiM HarpeBa JiaMnbi c ncno/ib30BaHi/ieM 6/ioKa 

nuraHMq 29 n Moay/iaTopa 30, Jlna nopaxeHna bojiochhow cfco/uiuKy/ibi 
35 Han6o/iee 6/iaronpi/mTHaq o6/iacTb cneicrpa naMnbi 600-1 100hm . B 
3T0M o6/iacTM Me/iaHUH MMeeT aocTaTOHHo BbicoKoe nor/iomeHne h b 
Toxe BpeMq pacceqHue cocTaB/ineT yMepeHHyio Be/ii/iHUHy, TaK mto CBeT 

30 MOxeT npoHUKaTb b Koxy Ha flocTaTOHHy*o r/iy6nHy. Ta/ioreHHbie JiaMnbi 
HMeiOT ni/iKOByio TeMnepaTypy 3000°K - 3600°K. ripn 3000°K 5% 
n3/iyneHMq cocpeaoToseHo b o6;iacTM aahh bojih A,<600hm, 34% b 
o6/iacm 600 hm<X<1100hm, m 48% 1 100hm<?i<2500hm. Ilpu 3500°K 
3TW npoueHTbi nepepacnpeae/iflioTcq TaK 10% A.<600hm, 42% 600 

35 hm<>,<1 1 00hm, 35% 1 1 00hm<X<2500hm. TaKMM o6pa30M, jxn9\ 
MaKCMManbHOM sc^eKTHBHOCTn npeo6pa30BaHMR 3/ieiapnHecKOM 
3Hepran b no/ie3Hyio cBeTOByra sHeprnto BbiroflHO cfiopcwpoBaTb 
MomHocTb n TeMnepaTypy ra/ioreHHoPi ziaMnbi 4. OAHaKo, npn stom 
pe3Ko yMeHbLuaeTcq cpoK c/iy>K6bi JiaMnbi, ecnw oHa pa6oTaeT b 

40 o6biHHOM HenpepbiBHOM pexuMe. B npeA^araeMOM H3o6peTeHHM 
ncno/ib3yeTCR s/ieicrpuHecKi/iM MOAyiflTop 30, c noMombKD KOTOporo Ha 
jiaMny 4 no/iaeTCR kopotkmm MomHbifi HMny/ibc TOKa \ah\a HanpqxeHnq, 
Bbi3biBaiomero npeBbiiueHne paccenBaeMoii ^aMnow moluhoctm hzjx 
HOMMHa/ibHOM. Hcc/ie/iOBaHnq, npoBeAeHHbie aBTOpaMi/i c jiaMnow 

45 OSRAM Tun ELC (repMaHfm), MMeiomeM HOMMHa/ibHyK) MomHocTb 
Ph=250Bt, noKa3a^n, hto TeMnepaType 2800°K cooTBeTCTByeT 
MOLUHOCTb 150BT, npn TOKe 9A n Hanp^xeHnn 17B. Ec/iw tok noBbicMTb 
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AO 12,5A Ha npoMe>KyTOK BpeMeHH 0,2 c t to b JiaMne 6yAeT 
paccei/iBaTbCH MomHOCTb 360BT, hto b 1.45 pa3a 6o/ibwe 
HOMUHa/ibHOM (cf>nr. 2a). npn stom TeMnepaTypa AOCTi/iraeT 3600°K, 
T.e. npn6^nxaeTcq k MaKCHManbHOM. B pexuMe, Kor^a cpeAHflfl 

5 TeMnepaTypa huth nopflAKa 2800°K, a Ha KopoTKoe BpeMH (0,2c) 
flocTuraeTcq MaKCHMa/ibHaa TeMnepaTypa 3600°K, JiaMna 4 MoxeT 
4>yHKUi/ioHnpoBaTb oseHb npoAO/ixuTe/ibHoe BpeMH 6e3 AerpaAauni/i 
win pa3pyuieHHH. BpeMeHHoti AnarpaMMe moiuhoctm JiaMnbi oTBenaeT 
BpeMeHHa^ AnarpaMMa cBeTOBoro H3/iyseHMfi npMBeAeHHaa Ha cfrt/ir. 

10 26. OopMa CBeTOBoro MMny/ibca MoxeT oTJinnaTbca ot c})opMbi 
aneKTpuMecKoro b cwiy Ten/ioBow i/iHepm/u/i huth HaKa/ia 37. Ten/ioBaa 
HHepui/m 3aBHci/iT ot AnaMeTpa hmti/i HaKa/ia 37. ripi/i npaKTunecKOM 
npe^ene AnaMeTpa huth 37 0,2mm, BpeMa TennoBOM HHepunn 
cocTaB/iaeT 0,04c, a Mi/iHWMaxibHafl A/inTe/ibHocTb CBeTOBoro HMny/ibca 

15 x 2 Ha no/iyBbicoTe MoxeT AocTuraTb 0,1c. JXnn JiaMnbi MoiAHOCTbio 
250Bt b T3K0M UMny/ibce MoxeT 6biTb cocpeAOToseHo ao 50A* 
CBeTOBOM 3Heprnn npn A/inTejibHoc™ 0 f 2c no no/iyBbicoTe. riyTeM 
pery/inpoBaHnq TOKa JiaMnbi 4 MOAy/iHTopoM 30 TaKxe ocymecTB/iaeTCfl 
nepecTpofiKa cneiapa H3nyseHMq JiaMnbi 4. Ha nepBotf <$>a3e 

20 /muTe/ibHocTbto it tok JiaMnbi Huxe HOMWHa/ibHoro, TeMnepaTypa hutm 
37 2800°K \a MaKcuMyM mnyneHm JiexnT b UK o6/iacTi/i cneiapa 
(1030hm). Ha BTopofi cj)a3e TeMnepaTypa huth 37 AocTuraeT 3600°K n 
MaKci/iMyM i/i3/iyHeHi/m nepecTpanBaeTca b KpacHyio (800hm) o6/iacTb 
($nr. 2 c). CooTBeTCTBeHHO n3MeH9eTca aojih n3/iyHeHHfl iiexamaa b 

25 o6/iacTH 1100-2500hm- P m n 600+1 100hm - P K (pwc. 2a). 
flonojiHi/nre/ibHo, &nn aBTOMaTunecKoi/i 3amnTbi JiaMnbi 4 ot 
pa3pyiueHHM b MOAy/iflTope 30 npon3BOAHTcq HenpepbiBHoe 
M3MepeHne conpoTHB/ieHnq naMnbi. ripw noAase wMny/ibca TOKa Bbiiue 
MeM HOMi/iHa/ibHbiM, conpoTUBneHt/ie huth HaKa/ia 37 yBe/iwHUBaeTca, n 

30 B MOMeHT x m (cj)nr. 2a). KorAa conpoTHB/ieHi/ie AOCTuraeT KpHTMHecKOM 
Be/iUMUHbi, MOAy/i^Top 30 aBTOMaTi/iMecKH orpaHMHUBaeT 
paccenBaeMyio MomHOCTb. C otom ue/ibio MOAy/iflTop 30 coAepxnT 
u3Mepi/rrejib conpoTHB/ieHnq 38 hmtm HaKana 37 naMnbi 4, cBa3aHHbifi c 
pery/iHTopoM TOKa, HanpaxeHMfl n/in molahoctm. 

35 CnocoS o6pa6oTKH pa3/inHHbix 6noTKaHew c noMombio 

npe^naraeMoro ycTpowcTBa onpejxenen mcxoah H3 cTeneHi/i 
BOcnpnnMHMBocTH tom hjm mhom 6noTKaHM k napaMeTpaM oSjiyneHi/m. 
B sacTHocTn a/ih yAa/ieHUR bojioc cnoco6 wcnojib30BaHi/m ycTpoMCTBa 
onpeAe/ieH no CBoficTBaM koxh \a Bo/iocflHofi JiyKOBi/mbi(cM. HanpuMep, 

40 A. Waldman et all Laser hair removal: theory and clinical experience 
Proc. of SPIE 1998 vol. 3245 p.p. 318-321). 

PacseTbi, npoBeAeHHbie no pa3pa6oTaHHoi/i aBTopaMn 
MaTeMaTunecKOM MOAe/M, noxa3ajin, hto HeoSxoAMMbi ABe c})a3bi 
HarpeBa: A^iHTe/ibHbiCi (npeAHarpeB) n KpaTKOBpeMeHHbM (Harpes m 

45 pa3pyiueHMe). KpoMe Toro, a^^ (})OTOAecTpyKUMM bojiochhom 
4)o/i^nKy/ibi Heo6xoAHMo CHana/ia ox^aAHTb BepxHUM c/iom ko>kh 
(snuAepMnc) 3aTeM, npoAo/ixaq oxjiaxAaTb HasnHaTb o6/iysaTb Koxy. 
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Aetf CTBMTe/ibHo, b oS/iacTH cneiapa 1 1 00^2500hm Koxa 
o6/iaAaeT cwibHbiM nor/iomeHneM (nonnomeHHe BOAbi) m c/iaSbiM 
paccefiHueM. Ha oTAe/ibHbix ynacTKax cneiapa H3JiyneHi/ie MoxeT 
my6oKO npoHUicaTb b Koxy. B Anana30He 600- 1 1 00hm 

5 npenMymecTBeHHbiM norjiomenweM o6/iaAaeT Me/iaHUH i/i reMor/io6nH 
kpobm. TaKUM o6pa30M, Ha nepBow cj)a3e B03AeficTBi/m H3/iyHeHHH Ha 
Koxy ocymecTBn^eTCfl ee Hece/ieianBHbiCi HarpeB 3a cseT nor/iomeHnq 
M3JiyseHnq boaom. Ha BTopow ct>a3e ocymecTB/ifleTca cejieianBHbiw 
HarpeB dpyiayp koxh coAepxaiuiix Me/iaHMH (annAepMi/ic, ctbo;i 

1 0 Bo/ioca, MaipuKC toieTOK bojiocahom ziyKOBHUbi) m reMor/io6nH 
(KpoBeHocHbie cocyAN, BeHbi). Ponb nepBofi <&a3b\ coctomt b 
npeAHarpeBe nopaxaeMOM ue/in (BoiiocHHaq jiyKOBHua, KpoBeHocHbiM 
cocyfl) c 30-36°C ao 45-55°C, (hto Huxe TeMnepaTypbi AeHaTypauHn 
6e/iKa). 3to npow3BOAHTCH c ue/ibfo yMeHbiueHns ypoBHH 3Heprw/i 

15 Heo6xoAHMow $j\9\ HarpeBa Ha BTopoi/i $a3e. Ha btopom c£>a3e 
kopotkum nMny/ibcoM ocymecTBn^eTcq HarpeB nopaxaeMow ue/ii/i 
(BonocflHaq ziyKOBHua, cocyA) ao TeMnepaTypbi AeHaTypaunn 6e/iKa 65- 
75°C. 

06bIHHO MaKCHMyM OCBeilieHHOCTM HaxoAHTcn Ha noBepxHoc™ 
20 \ajva b npunoBepxHocTHOM cnoe koxh. 3to He no3BOJiaeT ocymecTBi/rrb 
paBHOMepHbiti HarpeB my6nHHbix c/ioeB ko>kh. Ha^MHue KOHTa kthoto 
oxjiaAMTe/i« 16 c oTpnuaTe/ibHOM TeMnepaTypofi, noAAepxi/iBaeMOM 

XO/lOAH/lbHMKOM B BHAe TepMOSJieKTpHHeCIO'lX 3/ieMeHTOB 14 H/1M 

TepMopaAnaTopoM 15 c uwpKy/inpyiomei/i boaom, no3BormeT CHi/i3HTb 
25 TeMnepaTypy noBepxHoc™ m npt/inoBepxHOCTHoro c/ioa, a Tao<e 
CMecTHTb MaKCMMyM TeMnepaTypbi Ha nepBow cj)a3e b r/iy6b ko>kh. 
KoM6nHupya TeMnepaTypy o>oiaAHTe/iq u MouiHocTb JiaMnbi moxho 
anaBHO ynpaBn^Tb npocjwjieM TeMnepaTypbi BHyTpn koxh. 3tot acjxfreia 
moxho ncno/ib30BaTb a^h ce/ieKTMBHoro nopaxeHna Ko/i/iareHa c 
30 ue/ibio CTHMyjiRunn ero pocTa. 

Ha Our. 3 noxa3aH Tuni/iHHbiM npoct>i/uib TeMnepaTypbi BHyTpn koxu, 
paccMHTaHHbiM a/ia onyMaa KOHTaKTHoro oxnaAMTe/iq 1/13 KpucTawia 
cancjwpa c TeMnepaTypoPi -10°C n jiaMnbi c HOMMHa/ibHOM MomHocTbio 
250Bt v\ TeMnepaTypoM huth 3600°K nepe3 ocBemaeMbifi ysacTOK kcokh 
35 1.5x1.5 cm 2 m sepe3 1 ceK noc/ie Hana/ia B03AeficTBna (nepBaa c£>a3a). 
K MOMeHTy oKOHHaHna stom c{)a3bi 3a cneT ncno/ib30BaHn^ KOHTaKTHoro 
oxJiaA^Tenq 16 TeMnepaTypa 6a3a/ibHoft MeM6paHbi noHt/txeHa ao 
17°C. 3to no3BOTi^eT 3amnTHTb 3ni/iAepMi/ic ot nopaxeHna Ha BTopoti 
4)a3e. 

40 Ha cj)nr. 4 noKa3aHbi BpeMeHHbie AnarpaMMbi TeMnepaTypbi 

(BTopaq 4>a3a) 6a3a/ibHOM MeM6paHbi (KpuBaa 1), cTHM-ioieTOK (KpuBafl 
2) v\ MaTpMKca loieTOK Bo/iocqHow c{)OJi/iMKy/ibi (Kpusa^ 3). 
ropii30HTa^bHaq np^Ma^ (4) cooTBeTCTByeT TeMnepaType AeHaTypaunn 
6ejiKa. MaKci/iMa/ibHaa TeMnepaTypa /laMnbi HaKa/iUBaHM^ 3600°K t 

45 ni/iKOBaa MomHocTb b 1.45 pa3 6o/ibuue HOMUHanbHOM, nuKOBaq 
n/iOTHOCTb moluhoctm n3/iyseHnq b Anana30He cneiapa 600-^-1 100hm 
81,6Bt/cm 2 , pa3Mep nflTHa 1.5x1.5 cm 2 , A^WTe/ibHOCTb BTopow cf>a3bi 
0,2ceK. JXnn AocTHxeHnq sfyfyeKra TepMi/necKoro nopaxeHnq 
BOJiocqHoti ziyKOBHUbi 35 Heo6xoA^Mo STo6bi TeMnepaTypa b o6/iacTM 
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nanmuibi, cTUM-K/ieTOK AOdnrana TeMnepaTypbi AeHaTypauw/i 6e/iKa 
T.e. 65-75°C. PacseTbi, npoBeAeHHbie Ha ocHOBe hAojxeneih koxh i/i 
Bo/iocflHofi ziyKOBMUbi c ncno/ib30BaHneM AaHHbix onucaHHbix b 
/imepaType (M. H. Niemz "Laser-Tissue interaction, Fundamentals and 

5 Application", Springer, 1995) noKa3biBaioT, hto KOHCTpyKuw/i 
npuSopa, onucaHHoro Bbiwe, onTHMa/ibHbitf cnoco6 cfeoTOAecTpyiowM 
bojiochhow cj)ojuinKy/ibi coctout b cjieAyiomeM: KO>Ky npeABapi/rrejibHo 
ox/ia>KAaioT 3a cseT KOHTaiaa c MeTajxnHHecKotf n/iacTHHOM 16 m 
Awaneicrpi/iHecKotf npu3Mofi 12, 3aTeM, coxpaHHH KOHTaKT m npoAOJixan 

10 oxna>KAaTb, HarpeBaioT AepMnc H3jiyseHneM b Anana30He 1100-2500 
hm c MaKCHMyMOM 1300-1400 hm w n^OTHocTbio 10-60 Bt/cm 2 \a c 
flnme/ibHocTbio 0,1-100 ceK. Ha btopom cj)a3e f HenocpeACTBeHHO 
aneAyioinefi 3a nepBoft, npoBOAHTca AecTpyKUna b bojiochhom 
4>0Juii/iKy/ib! M3nyneHneM A/iUTenbHoc™ 0,05-10 ceK b Anana30He 600- 

15 1200 hm c MaKcwviyMOM b o6/iacTti 600-1000 hm i/i n/iOTHOCTbio 
moluhocth 80-800 Bt/cm 2 . 

CnocoS ncno/ib30BaHnq ycTpoMCTBa ann Koary/iqunn 
KpoBeHOCHbix cocyAOB onpenenen b ochobhom H3 onTunecKnx cboCictb 
reMor/io6nHa(cM. HanpuMep T.G.Pfefer et all Laser treatment of port 

20 wine stains: three dimensional simulation using a biopsy-defined 
geometry in an optical-thermal model Proc. of SPIE 1998 vol. 3245 p.p. 
322-333). TaioKe KaK n b c/iysae bo/iocahoCi c£>o/uiMKy;ibi HeoSxoAUMO 
npeflBapnTe^bHoe ox^axAeHwe, 3aTeM, OAHOBpeMeHHO c oxnaxAeHueM 
06/iyneHne b ABe cj>a3bi. PacseTbi noKa3biBaioT, hto Ha nepBofi <t>a3e 

25 A/inTe/ibHocTbio 0,1-100 ceK o6/iyseHne npoi/i3BOAWCfl n3/iyHeHneM b 
Anana30He 500-2500 hm c MaKCi/iMyMOM b 06/iacTM 700-1500 hm h 
n/iOTHOCTbio moimhoctm 1-50 Bt/cm 2 . Ha BTopofi 4>a3e fl/iq Koary/iqunn 
cocyAOB MJii/i BeH AnnTenbHOCTb B03AewcTBua Ao/ixHa 6biTb 0,05-5 ceK 
b Anana30He 400-1200 hm c MaKCHMyMOM b 06/iac™ 500-1100 hm i/i 

30 n^OTHOCTbio moluhocth 10-500 Bt/cm 2 . 

OnucaHHoe ycTpo^CTBo MoxeT npuMeHHTbcq TaKxe 
ce/ieicrnBHoro noBpexAeHnq Ko/i/iareHa AepMuica c ue/ibto cTi/iMynquw/i 
ero pocTa \a KaK cneflCTBue, yjiysweHi/ifl KOCMeTi/inecKHx cbomctb koxm - 

CHHXeHWe MOPUUHHMCTOCTM, nOBblLUeHMe 3JiaCTMHHOCTH HJ1H JJJ\9\ 

35 nopaxeHtiq noAKOXHoro xnpa. KaK noKa3a/in pacseTbi Ha ocHOBe 
Haujetf MOAe/in c ncno/ib30BaHi/ieM Jii/iTepaTypHbix AaHHbix (A. Welch, 
Optical-Thermal response of laser-irradiated tissue, Plenum Press, 
NY., 1996), onTMMa/ibHbiM pexuMOM Ana ce/ieKTHBHoro nopaxeHUfl 
Ko-n/iareHa c noMombio onucaHHoro ycTpoficTBa n&nneicn c/ieayiomi/ifi: 

40 Koxy oxjia>KAatoT 3a cseT KOHTaKTa c MeTa/i/iusecKOM nnacTi/iHofi 16 \a 
AM3/ieKrpnMecKoCi npn3Moti 12 m 06/iysaioT CBeTOM JiaMn HaKa/iUBaHna 
B Anana30He 600-2500 hm c Ani/iTe/ibHocTbio 0,1-1000 ceK c 
n/ioTHOCTbio moluhoctm ot 0.1 ao 500 Bt/cm 2 . ripn 3thx pexuMax, 3a 
cseT OAHOBpeMeHHoro ox/iaxAeHi/m noBepxHoc™ u o6*beMHoro 

45 HarpeBa AepMi/ica hjih noAKoxHoro xupa i/i3/iyseHi/ieM JiaMnbi 
HaKannBaHMH, MaKCHMyM TeMnepaTypbi cMemaeTcq b r/iy6b ko>kh, h 
nopaxeHne anon Konnavena nponcxoAm BHyTpn AepMnca npn 
coxpaneHMM snuAepMMca. T^ySnHa nopaxeHnq onpeAe/meTca 
AnnTe/ibHocTbio HarpeBa n oxna>KAeHnq. 4eM Huxe MomHocTb n 
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Ao/ibLue oxna^eHue, TeM rny6>Ke jieaorr o6/iacTb nopaxeHi/m. 
Oxna^eHne koxh npi/i ncno/ib30BaHi/M onucaHHoro ycTpoftcTBa MoxeT 
nponcxoAMTb npn CKo/ibxeHnn Bflo/ib noBepxHOdn c coxpaHeHneM 
TenjiOBoro KOHTaiora, B stom c/iynae HOBbiM Heo6/iyHeHHbii/i ysacTOK 
5 koxi/i cHana/ia conpi/iKacaeTca c MeTajuinsecKoi/i rinacTHHoii 16 h 
npeABapme/ibHO ox/ia^aeTca, a 3aTeM 3tot ynacTOK conpi/iKacaeTCH c 
npn3MOM 12 n ox/iaxAaeTcq OAHOBpeMeHHO c o6/iyMeHneM. 

M3o6paxeHHbie Ha cfwr. 5 ynpomeHHbie (b Bw^e mi/inuoB) 
BapnaHTbi HaKOHesHUKa npeA/iaraeMoro ycrpoMCTBa OT/innaioTCfl TeM, 

10 HTO B HUX np03paHHblM AUSJieKTpHK 12 BbinOJIHeH COCTaBHbIM 

(pa3Ae/ieHHbiM Ha ABe no/ioBUHbi BAO/ib n/iocKoc™ cuMMeTpnn 39) 1/13 
MaTepna/ia, nor/iomaiomero BpeAHoe turn o6pa6aTbiBaeMOM 6noTKaHH 
M3/iyHeHne JiaMnbi 4, T.e. b HeM coBMemeHbi c{)yHKUHH cfnuibTpa 8. flpn 
3Tom, Ka>KAaa H3 no/ioBHH 3aKpenneHa Ha noABMXHbix s/ieMemrax, oahm 
1 5 MacTi/i Koropbix Bbino/iHaeT po/ib pectxneicropa 6 c (^yHKUi/ieui 
<J)OKycMpoBKM n3/iyHeHn* ot JiaMnbi 4 Ha 3acJ)WKcnpoBaHHOM Me>KAy 
no/ioBUHaMU npo3paMHoro Ana/ieiapuKa 1 2, Hanpwviep nyieM 
a^eMeHTapHoro 3a>KHMa, 4>parMeHTe ko>ki/i 17. (lo/ioBUHbi pecfxneKTopa 
o6*beAHHeHbi c pysKaMU 40, npw CMbiKaHi/in KOTopbix BOKpyr ocu 41 

20 npOHCXOflUT 3aXUM KOXH 17. YCTpOMCTBO C T3KHM HaKOHeHHUKOM 

6o/iee yAo6HO ncno/ib30BaTb b AOMawHux yc/ioBiiRx. 

KaK bhaho H3 cjwr. 5 (a, 6, b) BHyrpeHH^R noBepxHOCTb 
pecjxneicropa "munuoB" b coMKHyTOM coctohhmh nMeeT sjuwrm/iHecKyio 
c^opMy. Ec/in b oahom c£>OKyce 42 a/mnnca noMemeHbi cni/ipa/ib hutu 

25 HaKana 37, to wcnycKaeMoe H3 stom huth M3/iyseHMe 34 noc/ie 
OTpaxeHnq ot 3/i/innTnnecKOM noBepxHoc™ KOHuempMpyeTca bo 
btopom cJ)OKyce 43. HcKaxeHi/ie xoAa JiyneM 34 u3-3a Ha/iMHMR 
Ananeiorpi/iHecKoro 3/ieMeHTa 12 6yAeT MuiHUMaribHbiM, ec/iu 
ncnycKaeMbie H3 OAHoro c})OKyca 42 v\ oTpaxeHHbie ot BHyTpeHHeti 

30 noBepxHocTn an/innca Jiysn 6yayT naAaTb Ha stot 3/ieMeHT HopMa/ibHO. 
Arm 3Toro Ana/ieiorpi/iMecKuft 3/iGMeHT 12 b ceneHwu AO/ixeH 6biTb 
KpyroM. Bo3Mo>KHa n MHororpaHHaa cfropMa (6o/iee TexHo/iornsHa npn 
M3roTOB/ieHnn). OpweHTaunq rpaHefi m mx huc/io Bbi6i/ipaeTca b 

COOTBeTCTBMM C yC/10BMeM KOHUeHTpaUWW MaKCMMa/lbHOM aojim 

35 1/13/iyHeHt/m bo btopom cf)OKyce 43 3/i/innca. 

Ha <t>ur. 5a npeACTaB/ieHbi "munubi" c cj)opMoi/i BHyTpeHHew 
noBepxHoc™ 7 pe^eiaopa 6 b Bn^e a/i^nnconAa BpameHnq n 
cnnpa/ibio hutm HaKana 37, opueHTi/ipoBaHHOM sjxonb 6o/ibiDoCi ocu 39 
3/i/innconAa. B stom c/iysae M3/iyHeHne hiajia HaKa/ia 37 i/icnycKaeTca 

40 npeMMymecTBeHHo nepneHAMKy/iqpHo 3tow ocu 39 3/i/inncoMAa, m 
OTpaxaacb ot BHyTpeHHew noBepxHocTn 7 pectxneicropa 6 nonajaaeT Ha 
AUS/ieiapusecKuPi 3/ieMeHT 12, KOTopwii Bbino/iHeH b cfropMe ujapa 44 n 
3aKpen/ieH c noMombio cJ)MKcaTopa 45, co scex ctopoh m 
KOHueHTpupyeTCH b o6/iacTH BToporo cJ)OKyca 43 3^/innconAa, 

45 coBnaAaiomeCi c ueHTpoM 46 Luapa 44. 

Ha cj)nr.56 u 5b npeACTaB/ieHbi "munubi" c 4)opmom BHyTpeHHeui 
noBepxHOCTH 7 pec{)jieKTopa 6 b Bnae 3/i/iwnTHMecKoro un/iUHApa m 
cnnpa/ibKD huth HaKa/ia 37 opueHTupoBaHHow BAOiib o6pa3yiomei?i 
UnnnHApa. B stom c/iynae n3/iyMeHne huth HaKa/ia ncnycKaeTCJi 
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npenMymecTBeHHO nepneHauiKy/mpHo 0 6pa3yiomeCi wnmjxpa w, 
oTpaxawcb ot BHyTpeHHei* noBepxHocrru 7 pecjxneicropa 6 
KOHueHTpupyeTcq bo btopom c|)OKyce 43 3/mi/inca. npn stom, 
npuBefleHHaR Ha cfwrypax (J)opMa Atia/ieiopwHecKoro sjieMeHTa 12 
5 (npt/!3Ma 47 win uhjiuhap 48) He H3MeHHeT HanpaB/ieHne u3JiyseHi/ifl 
34. 

Ha <£nrype 6 n3o6pa>KeH BapnaHT uM/inHAPunecKoCi ziaMnbi 
HaKannBaHn^ 4 c neTbipbMH hi/ithmh HaKa/ia 37 b oahom 6a/uioHe, 
npeAHa3HaseHH0M ajih ncnojib30BaHHH b HaKOHeHHi/iKe c ox/ia>KAeHneM. 

10 Eonu hi/ith HaKa/ia b ziaMnax H3roTOB/ieHbi TaK, mto ee reoMeTpi/inecKne 
pa3Mepbi b n/iocKoc™, nepneHflHKy/iapHOM ocBemaeMotf noBepxHOCTH 
SnoTKaHU 17, HaMHoro MeHbiue pa3MepoB huth b &pyrnx 
HanpaB/ieHi/mx, to u3/iy4eHi/ie ot Hee uicnycKaeTCH npewMymecTBeHHO 
napa/mejibHo 3Tofi otiockocth. B pe3y/ibTaTe CHuxaKrrca noTepn Ha 

15 B3anMHoe nepepacceflHue i/13/iyseHi/m oahom hmth HaKa/ia Ha Apyrne m 
3(})4)eKTHBHOCTb ycTpoficTBa b ue/ioM B03pacTaeT. PacnonoxeHne 
HecKo/ibKHX HUTew HaKa/ia b oj\ho\a Kon6e no3Bo/ineT b npuHUi/ine 
H36aBHTbca ot HanpaB/iaiomi/ix B03AywHbiw noTOK ox^axAeHi/ia Tpy6oK, 
yMeHbLUMTb TeruioBbie noTepn nepe3 ra3, cBeTOBbie noTepn Ha KO/i6ax n 

20 HanpaB/i^iomux B03Ayx Tpy6Kax, a TaKxe noBbici/rrb TexHO/iortiMHOCTb 
n3roTOB-neHMfl jiaMn j\nn AaHHoro ycTpowcTBa 3a cseT ynpomeHnq 

KOHCTpyKUHH TOKOBBOflOB. 

Ha (\>\av. 7a M3o6pa>KeHo ceneHne b rmocKoc™ HHTeCi HaKa/ia 
M3roTOB/ieHHoro HaKOHeHHMKa, npe<£yiaraeMoro b paMKax aaHHoro 

25 H3o6peTeHnq, a Ha cj)i/ir.76 - ceneHne b nnocKocTn r/iaBHOM orrn/MecKoCi 
och ccJ)epnHecKOM sac™ pecfuieicropa 6. Pe0neKTop 6 npeflCTaB/iaeT 
c6opHyio KOHCTpyKUHio H3 n/iacTHH. HeTbipe ra/ioreHHbie ziaMnbi 
BioieeHbi b KpoHLUTeMHbi 49, KOTopbie b cboio osepeAb 3aKpen/ieHbi k 
n/iacTHHaM pecjxneicropa bhht3mh 50. B SKcnepuMeHTa/ibHOM MaKeTe 

30 ncnoJib30Ba/incb neTbipe ziaMnbi Tuna ELS OSRAM. M3/iyHeHne ziaMn 4 
nepe3 CTeHKi/i KO/i6bi n KBapueBoft Tpy6Kn 5 npqMo, mjim, OTpaxaacb ot 
noKpbiTbix cepe6poM CTeHOK pecjxneioropa, M3roTOB/ieHHoro H3 cn/iaBa 
a/iiOMWHUfl, nona^a/in sepe3 cneKTpa/ibHbifi cf)M/ibTp f coctoruumm m 
pySnHa, tohkoto cjioh bo^n v\ KBapueBow rmacTMHbi Ha cancJ)npoBbiM 

35 fluaneKTpuHecKMM 3/ieMeHT 12, a 3aTeM Ha noBepxHocTb koxh. B 
SKcnepi/iMeHTe noBepxHocTb koxh oxjiaxaa/iacb nocpeacTBOM cucrreMbi 
ox/iaxAeHM^ Ha ocHOBe a/ieivieHTOB Re/iTbe MapKH TB- 17-0,1. 

CeneHMe Bo/iHOBOAa b KOHTaicre c Koxefi cocTaB/ifl/io 15x15 mm. 
B o6/iac™ cneiapa 650-1200 hm n/ioTHocTb moluhocth Ha 

40 noBepxHoc™ ko>kh Ha 1 4>a3e t jwnmeiAcn 0,5-1 ceK cocTaB/iaeT 
20Bt/cm 2 , a Ha BTopofi A^^meMC^ 0,2 ceK - 85 Bt/cm 2 . KaK 
noKa3biBaioT pacneTbi, stom n/ioTHOc™ AocTaTOHHo t\nn noBpexAeHnq 

BO^OCqHOM iiyKOBHUbl. 

BapnaHT ycTpouicTBa, pea/i^30BaHHoro c oahom ra/ioreHHOM 
45 JiaMnotf, npe/icTaB^eH Ha c|)nr.8. B stom ycTpoiicTBe ziaMna 4 cbohm 
Han6o/ibUJHM pa3MepoM copneHTupoBaHa ropn30HTa/ibHO 
OTHocnTe/ibHo noBepxHOCTM koxw 17. Ec/in cJ)opMa HaKa^bHoro rena 
HecuMMeTpuHHa, to Ko/iSa ziaMnbi opneHTnpyeTc« oTHOCMTe/ibHo 

nOBepXHOCTM KO>KM ropH30HTa/lbHO T3KHM o6pa30M, HT06bl 
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noBepxHOCTb cnnpa/w 37 c HauSojibwePi n/iomaflbio 6bma o6pameHa k 
noBepxHocTn koxm. B flaHHOM ciiysae BO/iHOBOflHbiPi ac^eicr b 
HanpaB^eHnn pacnpocTpaHeHnq mnynenm ot /latvinbi k Koxe 
oSecnesnBaeTCfl maBHbiM o6pa30M siieivieHTOM 51 b BUAe yceseHHofi 
5 nupaMMAbi 51 c bwcokum 3HaseHueM noKa3aTe/ifl npe/iOM/ieHUH (He 
MeHee 1.76), a b HanpaB/ieHMM pacnpocTpaHeHHH OTpaxeHHoro ot 
koxm M3/iyMeHMfl - 3ep«anbHoPi nOBepXHOCTblO 52. npocTpaHCTBo 
Mexcay noBepxHocTbio sneMema 51 h noBepxHocTbio 52 o6pa3yeT 
co6oPi KKDBeTy 53, coeauHeHHyio c Tpy6onpoBOflOM 54 3ano/iHeHHbiM 
10 TanoM BOflOM c TeMnepaTypofi +1°C H3 pe3epByapa 55, KOTopaa 
nocTynaeT b cjiubhoCi 6aK 56. ripn3Ma 12 Bbino/meHa H3 cancjjupa, 
3aKperuieHHoro b MeTa/uiHnecKoPi onpaBe 13, BHyTpw xoTopofi 
npeAycMOTpeH npoTOK xi/iakoctu c TeMnepaTypoM 0°--5°C, 
o6pa3yiomeMCfl npu Taanun TBepaoro MHoroKOMnoHeHTHoro BemecTBa! 
15 HanpuMep, 3aMopo>KeHHoro BOflHo-cnnpTOBoro pacTBopa,' 
noMemeHHoro b pe3epByap 57, KOTopwfi coeauHen c eMKocrrbio 58, r^e 
n co6npaeTCH xnflKOdb c TeMnepaTypoPi 0°--5°C. Bjiok nuTaHwa u 
ynpaBJieHnq 3 npn aaHHoPi pea/iu3aunn npe,onaraeMoro ycTpoPtcTBa 
MoxeT MMeTb b CBoeM cocTaBe cucTeMy o6paTHoPi cbh3m, cocToamyio 
20 H3 ncno^HHTe^bHoro ycTpoPicTBa h .aaTHUKa (Ha nepTexe He y<a3aH). 

<t>opivia OTpaxaiomePi noBepxHocTM 7 pecJxneKTopa 6 h ee 
pacno/ioxeHne b HenocpeacTBeHHoPi 6/iw3oc™ k Jiarvine 4 Bbi6npaeTcq 
TaKUM o6pa30M, HToSbi .ctni/iHa onTMMecKoro nyTM Mexay H3JiysaiomePi 
noBepxHocTbio HaxaiibHoro Tejia 37 ziaivinbi 4 u o6pameHHoPi k HePi 
25 noBepxHocTbra Bo/iHOBpaa 51 6bma Mi/iHUMa/ibHoPi h o6ecneHMBa^a 
Han6o/ibiuyio cBeTonepeaasy. Bo/ihoboa 51 MaKcuivia/ibHo 
34>c})eKTMBHo, 3a CMeT flB/ieHnq no^Horo BHyTpeHHero OTpaxeHna, 
nepe^aeT cBeT ot noBepxHocTM 7 sepe3 xnflKuPi cjan/ibTp m 
cancfcupoByio n/iacTHHy Ha noBepxHOCTb koxh. Xm^kmCi c{)HJibTp 
30 M36npaTe/ibHO nor/iomaeT UK KOMnoHeHTy i/ia/iyneHUfi /laivinbi, 
oc/ia6jiHH MHTeHCMBHOCTb cBeTa b stoPi o6/iac™ cneicrpa ro 
onTMManbHoro ypoBHfl. Xhakhm $n/ibTpoM ABiifleTCH Bofla 
o6pa3yiomapiCR npn tbrhhh nbaa b pe3epByape 55 n nop, He6o/ibiunM 
AaB/ieHneM nonaaaiomaa b KioBeTy 53, HarpeTaa MK H3JiyneHneM BOfla 
35 4)n/ibTpa no Tpy6onpoBOAy nonaaaeT b cSopnyio eMKOCTb ajia T3/iom 
BOflbi. Pe3epByap 55 m c6opHaa eMKOCTb 56 jxnn Ta/ioPi BOflbi hbjihiotch 
cMeHHbiMn 3/ieMeHTaMH. CancJwpoBaa n/iaon/iHa 12 oxmxaaeTca ro 
TeMnepaTypu nopjWKa 0°--5°C npu npoTeKaHnn xuakoctm 
o6pa3yiomePicq npu tbrhhh TBepaoro MHoroKOMnoHeHTHoro BeiuecTBa 
40 (HanpHMep 3aMopoxeHHoro BO^Ho-cnMpTOBoro pacTBopa) b 
pe3epByape 57 no TpySonpoBpaaM 59 pacno/ioxeHHbiM BHyTpn 
MeTan.ni/iHecKOM onpasbi 13. Pe 3 ep B yap 56 n c6op H aq eMKOCTb 58 
xuakoc™ c TeMnepaTypoPi 0°--5°C TaKxe hb/isiotch CMeHHbiMM 
3/ieMeHTaMM. TanHMe nbaa m TBepAoro MHoroKOMnoHeHTHoro BemecTBa 
45 HaMMHaeTCfi npn noMemeHnn pe3epByapoB 55 m 57 H3 xo/ioAH^bHoro 
ycTpoCiCTBa b ycTpoMCTBO h nponcxoflUT 3a CMeT npnTOKa Ten^a M3 
OKpyxaiomeM cpeflbi npn komh3thom TeivinepaType. Heo6xoflMMOCTb 
ncno/ib30BaHna xmakocth c TeMnepaTypoPi 0°--5°C 0BH3aHa c 
Heo6xoflMMocTbio npe/ioxjiaxaeHUR, Hanpniviep snuaepMUca, 
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TeMnepaTypbi Huxe 0°C npi/i ero conpuKocHOBeHUM c canctwpoBow 
n/iacTHHoCi 12 n MeTan/innecKoii onpaBot/i 13 ao, b npouecce n noc/ie 
o6/iyseHH9. TaflHue «B/iqeTcq (f>a30BbiM nepexoAOM, hto no3BO/iaeT 
Han6o/iee sc^eKTUBHo aKKyMy/inpoBaTb Ten/io ot koxh m xwAKoro 
5 cJ)n/ibTpa. 

JlaMna 3/ieKTpnHecKH ni/iTaeTca ot 6/ioKa nmaHUfl, co3Aaiomero 
3/ieKTpnsecKne HMny/ibCbi TpeSyeMoro HanpnxeHna, TOKa n 
flnuiTe/ibHOCTH. B/iok m/naw/m MoxeT 6biTb aBTOHOMHbiM, 3a cneT 
noMemeHMH b ero cociaB s/ieiarpoTii/rrnHecKoro oaho- hjiu 

10 MHoro3apq^Horo aKKyMy/iRTopa. 

HeoSxoAUMO OTMen/iTb, hto npoueflypa o6pa6oTKi/i MoxeT 6biTb 
6o/ie3HeHHa. flrm noBbiweHUH komc()opthocth m cHuxeHWH 
TpaBMaTMHHocTM b cocTaB ycnrpoi/icTBa BBefleHa cucTeMa o6paTHOM 
CBA3H. B npocTetiujeM Bapi/iahrre OHa coctout To/ibKo H3 

15 ncno/iHUTe/ibHoro ycTpoficTBa, Tuna KHonoHHoro nepejanonaTe/ia iajma 
neAa/iu, npeKpamaiomero noAany s/ieiaponnTaHnq no xe/iaHwo 
nauneHTa h MOxeT ynpaB/iHTbca naunei-rroM. Bo3Mo>KHbi BapwaHTbi 
KorAa b KasecTBe AaTHUKa c^UKcupyioiJuero npeBbiweHwe nopora 6ojiu 
BbicTynaeT AaTHUK pa3Mepa 3paHKa rnasa (npn npeBbiweHwui nopora 

20 6ojih 3pasoK pe3Ko coKpamaeTca), cKopoc™ KpoBOToxa (npn 
npeBbiajeHnn nopora 6onv\ cKopocTb KpoBOTOKa pe3K0 naAaeT), 
3HaneHnq TeMnepaTypbi o6pa6aTbiBaeMotf noBepxHocTn (npn 
npeBbiiueHnn nopora 6o/in TeMnepaTypa AOCTi/iraeT onpeAe/ieHHoro 
3HaHeHHfl), no cwma/iaM c KOToporo ncnojiHUTe/ibHoe ycTpotfcTBO 

25 n3MeH«eT tok nepe3 npoTeicaiomni/i nepe3 xiaMny \ah\a npeKpamaiomero 
noAany a/ieicrponHTaHi/ia. 

ripn ncno^b30BaHnn AaHHoro ycTpoftcTBa c£>a3a 
npeAox/iaxAeHHH MoxeT 3aHHMaTb 3HaHMTe/ibHbiw npoMexyTOK 
BpeMeHM, npn stom H3/iyseHne ziaMnbi OTcyTCTByeT h noHB/iaeTca jinwb 

30 npn AOCTHxeHMM 3nnAepMMcoM TeMnepaTypbi 6/1M3KOM 0°-5°C, o seM 
CBMAeTe/ibCTByeT nocTynaiomi/ifi c TeMnepaTypHoro AaTHUKa 
(TepMonapbi, TepMope3MCTopa, paAHOMeTpunecKoro AaTHUKa m t.a.) 
cuma/i. 

B c/iysae Heo6xoAHMoc™ o6pa6oTKn 6noTKam/i c AOCTaTOHHo 
35 6o/ibiuoM n/iomaAbKD noBepxHocTn bo3moxho oAHOBpeMeHHoe 

HCnO/lb30BaHMe HeCKOJlbKHX nOA06HblX yCTpOMCTB, BblXOAbl KOTOpblX 

o6pa3yioT MaTpnuy M3/iyHaTeneCi-ox^aAHTe/ieM HaxoAfltunxcq B 
KOHTaiae c Koxei/i . 
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OopMyjia i/i3o6peieHi/ifl. 

1. YcTpoMCTBo fljis TepaneBTusecKOM n KOCMeTO^ornsecKOM 
(t)oroo6pa6oTKM 6noTKaHH, coaepxamee 6jiok ni/nraHHH (3) n 
noMemeHHbie b Kopnyc hctohhuk ajieicrpoMarHi/iTHoro n3/iyHeHi/m 

5 (34), BbinojiHeHHbifi b svijxe JiaMnbi HaKannBaHnq (4) , pectmeiorop (6) 
A/in KOHueHTpaunw 3Toro i/i3/iyHeHHH (34) Ha o6pa6aTbiBaeMyio 
SnoTKaHb (17), npo3pasHbiM wsnexxpiAK (12) b B\Ajxe BO/iHOBo^a, 
coeflUHeHHbiti c cucTeMofi oxnaymenm n HaxoAHiui/iftcH b KOHTaiae c 
o6pa6aTbiBaeMOM 6noTKaHbio (17), a TaiOKe cneiorpajibHbifi 4>n/ibTp, 

10 oT/innaiomeecfl TeM, hto ziaMna HaKa/ii/iBaHMH (4) coeAHHeHa c 
6jiokom nuTaHnq (3) nepe3 Moay/iHTop (30), KOTopbitf coaepxi/iT 
H3MepnTe/ib conpoTMB/ieHnq. (38) hmth Haxa/ia (37) JiaMnbi (4) n 
pery/mTop moluhocth, a BHyTpeHHHR noBepxHOCTb pect)/ieiaopa (6) 
npeACTaB/mex co6om 3epKaiibHy*o noBepxHOCTb (7), Bbino/meHHyio c 

15 Aono/iHMTe/ibHoti <byHKuy\ev\ B03BpaTa n3/iyHeHi/m (34), OTpaxeHHoro 
ot o6pa6aTbiBaeMOM 6noTKaHH, o6paTHO k SnoTKaHM (17). 

2. YcTpoficTBO j\nn TepaneBTunecKOM m KOCMemnortiHecKotf 
4)oxoo6pa6oTKM 6noTKaHit no n. 1, oTJit/iHaromeecH TeM, hto 
cneicrpa/ibHbiii ct>wibTp MoxeT 6biTb Bbtno/iHeH b BUfle 

20 nor/iomaioujiero (Jw/ibTpa (8). 

3. Yctpomctbo jtyiH TepaneBTMHecKofi m KocMeTo/ioruHecKow 
(J>OTOo6pa6oTKU 6noTKaHH no n. 1, OT/innaiomeecfl TeM, hto 
cneKTpa/ibHbiCi 4)HJibTp MoxeT 6biTb Bbino/iHeH b bha© 
niOMUHecueHTHoro npeo6pa30BaTe/iH (9). 

25 4. Yctpomctbo jxnn TepaneBTunecKOM m KOCMeTO/iori/iHecKofi 
4)OToo6pa6oTKM 6t/ioTKaHM no n. 1, oTJinnaiOLJueecfl TeM, hto 
cneiapanbHbiCi c|)HJibTp MoxeT 6biTb Bbino/iHeH b Bi/me OTpawaiomero 
noKpbiTHH (7) pectmeioropa (6). 

5. Yctpomctbo /ma TepaneBTunecKofi i/i KocMeTo/iornnecKOM 
30 cJ)OToo6pa6oTKH 6noTKaHH no n.1, OT/ii/iHaioLneeca TeM, hto 

npo3paHHbiti wsneKrpviK (12) pacno/ioxeH b MeTa/uit/iHecKofi onpaBe 
(13), 3aKpen^eHH0M BHyTpw Kopnyca (1), k kotopom c oahom 
cTopoHbi Bn/ioTHyio npucoe/iUHeHa, HaxoAflmaacfl b KOHTaiae c 
6noTKaHbio (17) MeTa/i/iMHecKaa nxiacTUHa (16), coeAHHeHHafl c 
35 cucTeMOM oxjia>KAeHM« (33). 

6. YcTpotiCTBo ajih TepaneBTunecKOW v\ KocMeTo/ion/iHecKofi 
cf)OToo6pa6oTKM BuoTKaHM no n. 1 , OT/innaiomeeca TeM, hto 
nomomaiomuM H3/iyHeHne cj>i/mbTp (8) Bbino/iHeH b Bnae, 
o6pa3yiomeM c AM3/ieKTpnK0M onTunecKnw bojihoboa, cshabuh 

40 cTpyicrypbi: ^lOMUHecueHTHbiDi npeo6pa30BaTe/ib (9) - ox/ia>KAaiomafl 
He3aMep3aioma« xnAKQCTb ( 1 0), onTHHecKuti Ten/ioi/i30/iHTop (11). 

7. Yctpowctbo flnq TepaneBTMHecKOM m KOCMeTOJion/iHecKoK 
(})OToo6pa6oTKM 6woTKaHn no n.1, OT/it/inaiomeecH TeM, hto 06/iacTb 
BHyTpeHHeM nosepxHOCTn pecjxneiaopa (6), pacno/ioxeHHaa Haa 

45 jiaMnotf HaKa/inBaHnq (4), HMeeT <£opMy Hac™ 3/mi/incowfla \ajua 
cc|)epb! c ueHTpoM KpnBH3Hbi b uempe 6/iMxaMLueCi k ziaMne (4) 
rpaHU (36) Bo/iHOBOfla, a oS/iacTb BHyTpeHHefi noBepxHOCTH 
pecf)/ieKTopa (6), pacnojioxeHHaa Me^y ziaMnoM HaKa/inBaHnq (4) h 
3Tom rpaHbio HaicnoHeHa k nocjieflHeft noA TynbiM yrnoM. 
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8. YcTpoMCTBo an* TepaneBTHHecKOM \a KOCMemnorwsecKoii 
c})OToo6pa6oTKM 6i/iotk3Hm no n.7, oT/inHajoiiieecPi TeM, mto o6/iacTb 
BHyTpeHHeti noBepxHoc™ pecJ)/ieKTopa (6), pacnojioxeHHaq MexAy 
jiaMnofi HaKajiHBaHWfl (4) u 6/inxatiujefi k Hew rpaHbio (36) 

5 BO/iHOBOfla (8) npeACTaBjiaeT co6om 6oKOByio noBepxHocTb 
yceseHHbix KOHyca \asua npaBH/ibHoCi HeTbipexyro/ibHow nupaMHAbi, 
Ma/ibiM ocHOBaHMeM kotophx HB/iaeTCfl yKa3aHHaq rpaHb, a 
AByrpaHHbiCi yro/i Mexay Hew u Sokobow noBepxHocTbio v\nv\ rpaHbio 
jiexi/iT b npeae/iax ot 1 15° no 120°. 

10 9. Yctpomctbo nnn TepaneBTusecKOM m KocMeTo/iori/iHecKoii 
(J>OTOo6pa6oTKU SnoTKaHH no n.1, oT/insaiomeecH TeM, mto 
pectxneKTop (6) m npo3paHHbifi Ans/ieicrpi/iK (12) Bbino/iHeHbi H3 flByx 
no/iOBMH c o6me\A ocbio BpameHUfl (39), Ha oahom H3 no/iOBHH 
pecJxneKTopa (6) c BHyTpeHHew ciopoHbi pacno/ioxeHa naMna 

15 HaKa^HBaHUH (4), Kawaq H3 no/ioBi/iH npo3pasHoro flua/ieiapuKa 
(12) MoxeT 6biTb Bbino/iHeHa c 4>yHKLU/iei/i cneiorpaJibHoro cfcu/ibTpa n 
3aKpen/ieHa Ha cooTBeTCTByiomefi no/ioBUHe pecjxneiaopa (6) c 
yseTOM pa3MemeHHH 6noTKaHn (17) Me>KAy no/iOBUHaMM 
AnsJieicrpuKa (12), b coMKHyTOM coctohhw/i no/iOBMH pectxneioropa 

20 (6). 

10. YcTpoficTBO jinn TepaneBTfiHecKoi/i w KOCMeTO/iornHecKoi/i 
(})OToo6pa6oTKH 6noTKaHn no n. 9, OT/insaiomeecR TeM ,mto 
BHyTpeHHHfl noBepxHocTb pe4)/ieKTopa (6), b coMKHyTOM coctohhui/i 
ero no/ioBHH, npeflCTaB/iaeT co6om 3/i/inncoi/m BpameHfm, b oahom 

25 ero c{)OKyce (47) pacno/ioxeHa cnnpa/ib huth HaKa/ia (37) ziaMnw 
(4), ocb kotopom opueHTupoBaHa BAO/ib 6ojibiuoCi ocu (39) 
3/i/iunconaa, no/iOBUHbi npo3pasHoro Ans/ieicrpuKa (12) Bbino/iHeHbi 
b B\Ajxe LuapoBbix cerMeHTOB (44), c ocHOBaHi/iaMu napa/uie/ibHbiMH 
6o/ibiuoM ocm 3/uinnconAa n ocu BpameHwa no/iOBMH pectxneioropa 

30 (6), LuapoBbie cerMeHTbi 3aKpermeHbi Ha no/ioBMHax pecjxneicropa c 
yneTOM coBnaaeHUfl nx o6mero ueHTpa co btopwm 4)OKycoM (43) 
3/i/innconAB n pacno/ioxeHHoft Me>KAy wapoBbiMn cerMeHTaMi/t 

6H0TKaHbKD (17) 

1 1 . YcTpoPicTBo j\nn TepaneBTHHecKow m KocMemnomHecKoCi 
35 $oTOo6pa6oTKn 6noTKaHH no n. 9, oT/iunaiomeecq TeM, mto 

BHyTpeHH^q noBepxHocTb pec^Jieicropa (6), b coMKHyTOM coctoahi/ih 
ero no/ioBHH, npeACTaB/iaeT co6om nosepxHOCTb s/i/innTHMecKoro 
UM/inHApa, o6pa3yiomafl KOToporo napa/mejibHa ocu BpauueHi/m 
no/iOBMH pec})/ieKTopa (6), Ha ypoBHe o^Horo 4)OKyca 3/i/innca 

40 pacno/ioxeHa cnnpa/ib hmtm Haica/ia (37) ziaMnw (4), ocb KOTopofi 
opueHTupoBaHa napa/uie/ibHO o6pa3yiomeCi 3/innnTHHecKoro 
UM/iMHApa, a nojiOBUHbi npo3paHHoro Ai/is/ieKTpuKa (12) Bbino/iHeHbi 
b swne no/ioBHH UM/iMHApa (48), 3aKpen/ieHHbix Ha no/iOBMHax 
pecjD/ieiaopa (6) c yneTOM coBnaAeHu^ ocu 3Toro un/iuiHApa c 

45 pacno/ioxeHHOM, Mexfly ero no/ioBMHaMn 6noTKaHbio (17) n BTopoui 
cJ)OKanbHoCi ocbio (43) ajuii/inTi/mecKoro un^nHApa, npuseM 
HanpaB/ieHne o6pa3yiomeM uu/iunapa (48) AH3^eicrpnKa ( 1 2) 
coBnaaaioT c HanpaB/ieHneM opweHTaunn ocm cnnpa/in hmtm HaKa/ia 
(37). 
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1 2. YcTpotiCTBo /yifl TepaneBTMHecKoCi n KOCMeTo/iornnecKOM 
<f)OToo6pa6oTKM 6noTKaHH no n. 9, OTJiwwaiomeeca TeM, hto 
BHyipeHHqq noBepxHOCTb (7) pecjxneicropa (6), b comkhytom 
coctohhuh ero no/ioBMH, npeACTaBJiaeT co6ofi noBepxHOCTb 

5 3/i/innTHsecKoro ui/mnHApa, o6pa3yiomaq KOToporo napa/i/iejibHa 
ocm BpameHUH (39) no/ioBMH pecfmeicropa (6), Ha ypoBHe OAHoro 
4)OKyca (42) 3/mnnca pacno/ioxeHa cnnpa/ib huth HaKa/ia (37) 
jiaMnbi (4), ocb kotopom opi/ieHTi/ipoBaina napa/i/ie/ibHO o6pa3yiometf 
Un/iMHApa, a no^OBUHbi npo3paHHoro AH3/ieicrpnKa (12) Bbino/iHeHbi 

10 b BMAe np^Mbix npn3M (47), c HenpaBH/ibHbiMn MHoroyro/ibHUKaMM b 
OCHOB3HMH, opueHTupoBaHHbix 6oKOBbiMH pe6paMH napa/i/ie/ibHo 
ocu BpameHnq (39) no/ioBHH pecjxneicropa (6), 3aKpen/ieHbi npn3Mbi 
(47) TaK, hto c})OK;ajibHaq ocb (39) sji/wnTHHecKoro un/iwHApa 
coBnaAaeT c pacno/ioxeHHOM MexAy npw3MaMH (47) 6noTKaHbio 

15 (17). 

13. YcTpoficTBO AJifl TepaneBT^HecKOM v\ KocMemnornHecKoi/i 
cf)OToo6pa6oTKn 6noTKaHH no n.4, oT/iMHaioLueecfl TeM, hto 
3epKa^bHaq noBepxHOCTb (7) pecjxneKTopa (6) Bbino/iHeHa U3 
MaTepnana, ce/ieKTHBHO oTpaxatomero M3/iyHeHne (34) c a/imhom 

20 BO/iHbi b Anana30He 600-^2500hm. 

14. YcTpoticTBO ajih TepaneBTunecKoOi n KOCMeTO/iori/iHecKoii 
4)OTOo6pa6oTKn Shotiohh no n.1, OT/ii/iHaiomeecq TeM, hto hmc/io 
ziaMn HaKa/iUBaHna (4) h/im hhcjio HUTeCi HaKana (37) b oahom ziaMne 
(4) MOxeT 6biTb 6o/ibuue oahom, npwneM hutm HaKa/ia (37) MoryT 

25 6b!Tb n/iocKHMH. 

15. YcTpotiCTBo a/ih TepaneBTunecKoii n KocMeTo/iornnecKOM 
4>oToo6pa6oTKH 6noTKaHH no n. 9, OT/innaiomeecH TeM, hto 
ox/ia>KAaiomafl He3aMep3aiomaH XMAKOCTb ( 1 0) AonojiHi/rre/ibHO 
oS/iaAaeT CBOMCTBaMU nor/iomeHi/m n3/iyneHnq n/in nepen3JiyneHnq 

30 b Apyryio o6/iacTb cneiorpa \a noMemeHa b TpySonpoBOA (22), 
coeAHHeHHbiCi c HameTaiomeii noMnofi (33). 

16. YcTpowcTBO jxnn TepaneBTunecKOM m KOCMeTo/iori/iHecKofi 
(})OTOo6pa6oTKH SnoTKaHn no n.1., OT/innaiomeecH TeM, hto 
npocTpaHCTBo BHyTpn pecfmeKTopa (6) coeAHHeHo c 

35 B03AyxonpoBOAOM noAioiKDHeHHbiM k B03AyniHOMy KOMnpeccopy 
(31). 

17. YcTpoCiCTBO jxh9 TepaneBTi/inecKOM n KOCMeTOJiornnecKofi 
(J)OToo6pa6oTKH 6noTKaHi/i no n.1., OT/iiiHaiomeecfl TeM, hto cucTeMa 
oxna>KAeHHR (33) npo3paHHoro Ana/ieiapuKa (12) w MeTa/uiwHecKoii 

40 n/iacTUHbi MoxeT coAepxaTb 3/ieMeHTbi He/ibTbe (14). 

1 8. YcTpoMCTBo jxnn TepaneBTMHecKoCi n KocMemnorHHecKoft 
(J>oToo6pa6oTKU 6noTKaHH no n. 3, OT/iunaiomeecfl TeM, hto 
/noMUHecueHTHbiM npeo6pa30BaTe/ib (9) u onTunecKnti 
Ten/ion30JiHTop (11), BxoAflmne b caHABUH-CTpyicrypy, Bbino/iHeHbi 

45 cooTBeTCTBeHHo m py6wHa \asva cancj)npa c Ti/iTaHOM i/i onTunecKoro 
cTeioia, b tom Huc/ie KBapueBoro. 

19. YcTpowcTBO An?? TepaneBTunecKOM n KocMemnon/iHecKotf 
cJ)OTOo6pa6oTKH 6noTKaHu no n.1., OTJiunaiomeecfl TeM, hto oho 
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Aono/iHUTe/ibHO cnaSxeHO cucieMoCi BOAflHoro win B03AywHoro 
oxna^eHU^ Kopnyca. 

20. YcTpoticTBo /yiR TepaneBTunecKow h KocMeTo/iornHecKofi 
4)OTOo6pa6oTKH SnoTKaHM no n. 3, OTJwnaiomeecfl TeM, hto b HeM 

5 6a/i/ioH JiaMRbi HaKa/iMBaHUH (4) h/m/ih ipy6Ka (5) OKpyxaiomaa 
6an/ioH (4) Aono/iHHTejibHO Bbino/iHeHbi c cfryHKunew 
/iioMi/iHecueHTHoro npeo6pa30BaTe/ifl. 

21. YcTpoticTBO ann TepaneBTuwecKOM v\ KOCMemnorMHecKoi/i 
cJ)OToo6pa6oTKM 6noTKaHM no n. 1, OT/innaiomeecfl TeM, hto HMTb 

10 HaKajia (37) JiaMnbl (4) npeACTaB/iaeT co6otf n/iocKntf H3/iyHaTe/ib, 
nnocKocTb KOToporo naparmejibHa nnocKOCTu o6pa6aTbiBaeMOM 
6ti0TKaHn, a MacTb BHyTpeHHeti noBepxHoc"; v% pety/ieiaopa (6) 
pacnoiioxeHHan HaA JiaMnoi/t HaxoAUTca ot 6n\xxa\Ausev\ k ziaMne (4) 
rnaHM (36) poriHOBOAa Ha paccTOHHi/ii/i ne fio/iee 1.2d rAe d - 

*(C L i H^ui^ .'ijJ r.OJl6bl JiaMnbl. 

22. Yctpomctbo a/ih TepaneBTunecKoCi n KocMemnornHecKoi/i 
4)OTOo6pa6oTKH 6noTKaHn no n. 1 , oTJii/iHajomeeca TeM, hto 
nor/iomaiomnw n3/iyHeHi/ie <J>mibTp Bbino/iHeH b BMAe cshabhh- 
CTpyicrypbi c cJ)yHKUi/ieti Bo/iHOBOAa jwn w3/iyHeHnfl ot JiaMnbl (4) k 

20 6noTKaHH (17) n o6paTHo t n o6pa30BaHHo£i b HanpaBJieni/ii/i 
nepneHAHKy^qpHOM noBepxHocm 6noT<aHn H3 neTbipexyro/ibHoi/i 
yceseHHOM nupaMUflbi (51) M3roTOB/ieHHOM H3 npo3paHHoro 
MaTepna^a c noKa3aTe/ieM npejioM/ieHna He MeHee seM 1.76, 
So/ibLUoe ocHOBaHne KOTopotf, o6pauueHO k ziaMne (4), boaw c 

25 TeMnepaTypoft ot 1°C ao 10°C \a npo3paMHoro AuaneKTpnKa 
Ky6nHecKOM cfcopMbi. HaxoAameroca b KOHTaiae c 6noTKaHbio, a b 
HanpaB/ieHnn, napa/i/ie/ibHOM noBepxHocTn 6noTKaHn - M3 tom xe 
HeTbipexyro/ibHOM yceneHHott nnpaMHAbi (51), boah c TeMnepaTypofi 
ot 1°C ao 10°C m BHyTpeHHeCi noBepxHOCTbio (52) HaKOHeHHi/iKa c 

30 3epKa^bHbiM noKpbiTueM. 

23. YcTpoDicTBO jxnn TepaneBTnnecKotf i/i KOCMeTOJiorwnecKOi/i 
<|)OToo6pa6oTKH 6noTKaHn no n. 1, oTJinnatomeecfl TeM, hto 
npo3paHHbiw Ana/ieiapnK ( 1 2) pacno/ioxeH b m eTa/i/i \a h ec ko m 
onpaBe, CHaSxeHHofi cncTeMon ox/ia>KAeHnq xnAKOCTbfo c 

35 TeMnepaTypoM ot -1°C ao -18°C. 

24. Yctpomctbo ahr TepaneBTi/inecKotf n KocMeTo/iorunecKOM 
4>OToo6pa6oTKH 6noTKaHH no n. 1, oT/innaiomeecH TeM, hto oho 
Aono/iHUTe/ibHO cHa6xeHo cncTeMoi/i o6paTHoi/i cBa3i/i, b uenb 
kotopom bxoaut AaTHHK 6o/ieBoro nopora nauneHTa, Ht/iTb HaKa/ia 

40 (37) JiaMnbl (4) h 6hok nuTaHna (29). 

25. YcTpowcTBO aha TepaneBTwnecKofi m KOCMemnoruHecKoti 
4)OToo6pa6oTKH 6noTKaHU no n. 1, OT/iHnaiomeecfl TeM, hto oho 
Aono/iHi/rre/ibHO CHa6xeno npepbiBaTe/ieM cseTa ynpaB/meMoro no 
6o/ieBOMy nopory nauneHTOM win AaTHMKOM 6on\A b sme 

45 UpMAOAHamOCTMKH M^HAHarHOCTHKH KpOBOTOKa. 

26. YcTpoDicTBO a/i« TepaneBTunecKOM n KOCMeTO/iornnecKOM 
c})OToo6pa6oTKH 6noTKaHn no n. 1, OT/ii/iHatomeecfl xeM, hto 6/iok 
nuTaHUfi (29) CHa6>KeH aKKyMy/i^TopoM. 
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27. Cnoco6 TepaneBTunecKoti mjim KOCMeTo/iorMMecKOM o6pa6oTKM 
koxu, npn KOTopoM Koxy (17) npeABapme/ibHO ox/iaxAaioT, 3aTeM, 
npoAOJixaa oxnaxAaTb, o6/iywaicnr CBeTOM (34), ziaMnbi HaKannBaHMH 

(4) OTJMHaiOmnfiCfl TeM, HTO Jin* c})OTOAeCTpyKUMH BO/IOCHHOM 

5 jiyKOBMUbi (35), o6/iyseHne npow3BOfl«T my*** <t>a3aMM, nepBaq H3 
KOTopbix npeAHa3HaseHa An* npeABapMTe/ibHoro HarpeBa AepMMca 
(17) ao TeMnepaTypbi He Bbiiue TeMnepaTypbi AeHaTypaunn m a/imtch 
0,1^100ceK b Anana30He 1100-2500 hm c MaKCMMyMOM b o6/iacTM 
1300-1400 hm m n/ioTHocTbio moluhoctm ot 1 0 - 60 Bt/cm 2 , a 

10 Biopaq, HenocpeacTBeHHO c/ie^yioma^ 3a nepBOM, npeflHa3HaneHa 
A/ifl AecTpyKUUM bojiochhom ziyKOBHUbi (35) m ajimtch 0.05-10 ceK b 
AMana30He 600-1200 hm c MaKCMMyMOM b o6/iacTM 600-1000 hm m 
n/iOTHocTbio moluhoctm ot 80 - 800 Bt/cm 2 . 

28. Cnoco6 TepaneBTusecKOM mjim KocMeTO/iornsecKOM o6pa6oTKM 
15 koxm. npM kotopom Ko>Ky (17) npexiBapnTe/ibHo oxjiaxuaioT, 3aTeM, 

npOAo/ixaa oxna^aTb, 06/iysaioT CBeTOM (34), ziaMnbi HaKa/iMBaHMfl 
(4) OT/insaiomnMcq TeM, mto jxnn <})OTOAecTpyKUMM bojiochhom 
JiyKOBMUbi (35), 06/iyseHne amtcr 0.05-10ceK b AMana30He 600- 

1200 HM C MaKCMMyMOM B 06/iaCTM 600-1000 HM M OTlOTHOCTblO 

20 moluhoctm ot 80 - 800 Bt/cm 2 . 

29. Cnoco6 TepaneBTMMecKoti nnn KOCMeTO/iorMMecKOM o6pa6oTKM 
koxm, npn kotopom Koxy (17) npe^BapnTe^bHO ox/iaxAaiOT 3aTeM, 
npoflcmxaa ox/ia^aTb, o6nysa»oT CBeTOM (34) ziaMnbi HaKa/inBaHMH 
(4), OT/insaioimiCicq TeM, hto a/ia c{)OTOKoary/iquMn KpoBeHocHbix 

25 cocyflOB mjim BeH oS/iyHeHne npoM3BOAHT b ABe c^asbi, nepsan H3 
kotopnx npeAHa3HaseHa jwn npeABapuiTe/ibHoro HarpeBa AepMMca 
(17) flo TeMnepaTypbi He Bbiiue TeMnepaTypbi AeHaTypauMM n ajimtch 
0.1-100 ceK b Anana30He 500-2500 hm c MaKcuMyMOM b o6/iacTM 
700- 1500 hm \a n^noTHocTbio moluhoctm ot 1 ao 50 Bt/cm 2 , a 

30 BTopaa, HenocpeACTBeHHO cjieayiomaH 3a nepBOM, npeAHa3HaneHa 
AJifl Koary/iquMM cocy/^a v\sva BeHbi m ahmtca 0.05-1 ceK b Anana30He 
400-1200hm c MaKCMMyMOM b o6/iacTn 500-1100 hm, c onoTHOCTbio 

MOIUHOCTM OT 10 AO 500 Bt/CM 2 . 

30. CnocoS TepaneBTusecKoCi win KocMemnorMMecKOM o6pa6oTKM 
35 koxm, npw kotopom Koxy (17) npeABapMTe/ibHO ox/iaxAaiOT, 3aTeM, 

npoAOJixaa oxna>KflaTb, o6^ysaioT CBeTOM (34) ziaMnbi HaKannBaHnq 
(4), OT/insaioLJUHMCR TeM, mto ah* ce/ieKTHBHoro noBpe>KAeHMH 
KO/i/iareHa AepMMca (17) c ue/ibio cTHMy/iRunn ero pereHepaunn mjim 
ce/ieKTi/iBHoro noBpe>KAeHi/iq noAKoxHoro xnpa o6^yseHne 
40 npon3BOAHT CBeTOM b AMana30He 600-2500 hm c AnnTe/ibHOCTbio 
0.1-1000 ceK n n/ioTHocTbio moiuhoctm ot 0.1 ao 500 Bt/cm 2 . 

31 . Cnoco6 TepaneBTMHecKOM m/im KocMeTO/iorMsecKOM o6pa6oTKM 
koxm, npM kotopom Koxy (17) npeABapMTe^bHo ox/ia>KAaioT, 3aTeM, 
npoAOJixaa ox/ia>KAaTb, o6/iynaioT CBeTOM (34) ziaMnbi HaKa/iMBaHM* 

45 (4), OT/lMHaiOLUMMCq TeM, MTO np03paMHblM AMSJieKTpMK (12) M 

MeTan/iMMecKyio n/iacTMHy (16) ycTpoMCTBa no n. 5 npMBOA^T b 

TepMMMeCKMCl KOHT3KT C KO>KeM (17), 3aTeM, yCTpOMCTBO 

OAHOBpeMeHHo c o6/iyMeHMeM m/im b npoMe>KyTKax Me>KAy 
o6/iyMeHMRMM nepeMemaiOT BAo/ib noBepxnocTM koxm (17) TaK, mto 
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HOBbitf Heo6/iyHeHHbiM ysacTOK koxh (17) CHasa/ia conpw<acaeTcq c 
MeTa/i/iMHecKOM nnacTHHOW (16), a 3aTeM c npo3paMHbiM 

BO/lHOBOflOM (12). 
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A hair removal device (22) includes a cooling surface (34) which is used to contact the 
skin (6) prior to exposure to hair tissue-damaging laser light (74) passing from a radiation source 
(36) through a recessed window (46). The window is laterally offset from the cooling surface 
and is spaced apart from the cooling surface in a direction away from the patient's skin to create 
a gap between the window and the skin. The window preferably includes both an inner window 
(46) and an outer, user-replaceable window (48). The laser-pulse duration is preferably selected 
according to the general diameter of the hair. 
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HAIR REMOVAL DEVICE AND METHOD 

BACKGROUND OF THE INVENTION 
5 Use of light to denature very specific kinds of tissue has been called 

wavelength-selective photo-thermolysis. The use of lasers for this purpose has been well 
described in the literature. See, for example, R.G. Wheland, "Laser-assisted hair 
removal", Lasers in Dermatology . Vol. 15, pp. 469-477, and references cited. By 
choosing a laser with the right wavelength and energy per unit area (fluence), a particular 

10 light-absorbing target substance (chromophore) in living tissue, such as melanin or 

hemoglobin, will absorb energy from the laser beam and become hot enough to destroy 
functionality in the tissue containing the chromophore. Tissue in the same area that does 
not have high concentration of the target chromophore will not be affected. 

Hair includes two basic parts, the shaft, which is the portion of the hair 

15 above the epidermis, and the root, which is the portion below the surface of the epidermis. 
Various tissues surround the root of the hair. Hair color is primarily do to the presence of 
melanin in the hair. Melanin is created at the base of the hair follicle and is passed into 
the hair as it grows. The presence of melanin has made it possible to use lasers and other 
light sources for hair removal with melanin as the target chromophore. The hair follicle 

20 and surrounding structure (referred to collectively as hair tissue) are selectively heated 
when the melanin in the hair tissue and in the hair root itself and is exposed to treatment 
radiation. The hair tissue is thermally damaged so that a result of the localized heating, 
many of the exposed hairs later atrophy and are sloughed from the epidermis. 

The early work in this field was centered around a wavelength with very 

25 high melanin absorption, the pulsed ruby laser (694nm). Long pulse ruby lasers (as 

opposed to Q-switched ruby lasers) typically have a pulse duration in the 1 millisecond 
range. Although the wavelength is highly absorbed in melanin, the wavelength selection 
has significant limitations with darker skin types as the epidermis can blister from the 
superficial melanin heating. 

30 Many different approaches to hair removal have been explored since the 

early ruby laser evaluation. A common trend is a continual shift towards longer 
wavelengths, which have less melanin absorption, as it allows treatment of patients with a 
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darker range of skin tones. Initially, alexandrite (755nm) was evaluated and later a diode 
approach (810nm). The alexandrite laser offers improved clinical capabilities over the 
ruby laser if one considers treatment of darker skin types. However, from engineering 
and system performance measures, the two systems are similar in terms of size, utility 
5 requirement, treatment speed, and system cost. In contrast, the high pulse energy diode 
laser allows the system to be much smaller than previous systems with an ability to run 
off of standard power. One commercially-available system, sold by Coherent of Santa 
Clara as Lightsheer, weighs in the 45kg (100 pound) range and allows the physician to 
treat the darkest skin types with minimal risk of post operative blistering. Unfortunately, 

10 the high pulse energy diode approach is very expensive as it requires up to 100 diode bars 
to achieve the peak powers needed for the desired clinical result. Another limitation with 
this approach is in the delivery device. The current Lightsheer system houses all diodes 
and associated hardware in a handpiece that is used in direct contact with the skin. This 
approach results in a heavy handpiece, weighing several pounds, that causes user fatigue 

1 5 and an overall bulky design. 

Dermatologists have used cooling devices in dermatologic applications 
prior to laser treatment. The purpose is to chill the skin with the understanding that 
exposure to treatment radiation will elevate the epidermal temperature. Chilling lowers 
the initial temperature so that the post treatment temperature at the epidermis will not 

20 create a heat-induced blister. U.S. Patent 5,735,844 describes apparatus which uses a 

cooled lens, through which radiation passes, pressed against the patient's skin to cool the 
epidermis. 

SUMMARY OF THE INVENTION 
The present invention is directed to a hair removal device and method by 
25 which hair tissue-damaging radiation passes from a radiation source through a recessed 
window to the patient's skin. The hair removal device also includes a skin-cooling 
element having a cooling surface which is used to contact the skin prior to exposure of 
that skin area to the radiation. The window is laterally offset from the cooling surface as 
well as spaced apart from the cooling surface in a direction away from the patient's skin 
30 so to create a gap between the window and the patient's skin. 

The presence of a gap between the window of the radiation source and the 
patient's skin offers several benefits. One problem associated with a contact cooling 
window in direct contact with the skin is debris build up. Dermatologic tissue 
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accumulates on the contact window as treatment pulses are delivered. The window must 
be periodically wiped in order to preserve the window from local, intense overheating that 
thermally and mechanically stresses the window and causes pitting. A recessed window 
does not exhibit this problem. Another advantage is that the window can be kept warm 
5 and above the local dewpoint temperature for both the inner and outer surfaces, so water 
and other condensables do not collect on it. Since the window is not in contact with the 
skin, it does not cause any re-heating of the pre-cooled skin. 

In one embodiment of a hair removal device the radiation source includes 
an optical chamber having an exit aperture covered by the recessed window and an 

10 optical fiber entrance in which an optical fiber can be housed to permit tissue-damaging 
radiation to pass from the optical fiber into the optical chamber. The optical chamber 
may have reflective sidewalls to help equalize radiation fluence; a total internal reflecting 
optical element, such as a fused silica block, may be used to reduce losses. The optical 
chamber may also be heated to help prevent condensation from forming on the walls of 

15 the chamber or the window. A moisture wicking element may be used to wick 

condensation away from cooled surfaces adjacent the optical chamber to a heat sink or 
other heated element where the moisture evaporates. The window may include both an 
inner window and an outer, user-replaceable window; if the outer window becomes 
damaged through use, it can be easily replaced without affecting the integrity of the 

20 optical chamber. This is an advantage over fixed, single window designs that are 

rendered unusable if there is a surface imperfection due to, for example, localized pitting. 

The hair removal device may be coupled to a laser which supplies laser 
light to the radiation source for passage through the recessed window. The laser may be 
controlled by user-operated laser power inputs including a laser-pulse duration input and 

25 one of a laser-pulse amplitude input and a laser-pulse fluence input. The laser-pulse 

duration input may be adjusted according to the diameter of the hair, which corresponds 
to the thermal relaxation time of the hair. Therefore, smaller diameter hairs will typically 
call for shorter laser-pulse duration inputs while larger diameter hairs will call for a 
longer laser-pulse duration inputs. Although larger diameter hairs will be selectively 

30 heated with short pulses, defined as a pulse duration shorter than the thermal relaxation 
time of hair, the peak power on the epidermis is unnecessarily higher than it needs to be. 
This can result in a heat-induced blister. 
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Another aspect of the invention relates to a method for preparing a hair- 
removal device for use including the steps of (1) determining the diameter typical of the 
hair to be removed, and (2) selecting a laser-pulse duration for a hair removal device 
according to this diameter of the hair so that smaller diameter hair results in a shorter 
5 laser-pulse duration than larger diameter hair. This aspect may be supplemented by the 
step of (3) applying laser energy through a window of a hair removal device of the 
selected laser-pulse duration to a patient's skin to cause thermal injury to hair tissue. This 
applies to both individual hairs and a plurality of hairs. 

The methods may include selecting a chosen one of a laser-pulse 

10 amplitude and a laser-pulse fluence prior to the applying step. Further, the hair-removal 
method may also include positioning a cooling element of the hair removal device against 
a first target area and then moving, after a period of time, the cooling element from the 
first target area to a second target area so that the window overlies and is spaced apart 
from the first target area; laser energy is then applied to the first target area through the 

15 window with the window overlying and spaced apart from the first target area. 

The pulse duration has been shown to have significant clinical 
implications. A short pulse, typically in the sub-5ms, range creates high peak powers 
because high fluence is required to deliver enough energy to achieve the proper clinical 
endpoint. High peak power tends to heat the epidermis. Longer pulses result in lower 

20 peak power. 

Shorter wavelengths, such as 694nm, do not penetrate deeply into the 
patient's skin so, some believe, that it may be desirable, with such shorter wavelengths, to 
use a convex window pressing against the skin to shorten the path from the window to the 
hair tissue as is taught by U.S. Patent No. 5,735,844 patent. It has been found that by the 

25 use of longer wavelengths which are still absorbed by melanin, such as 800 to 1200nm, it 
is not necessary for the window of the radiation source to press against the patient's skin 
to effectively irradiate the hair tissue at a target area. 

Another aspect of the invention is the recognition that it is not necessary to 
cool the skin the same time it is being irradiated. This is because once the skin has been 

30 cooled through contact with a cold surface, removal of the cold surface permits the skin to 
warm up but it does so much more slowly than it has cooled down because it is relying 
almost entirely on convection rather than conduction. Recognizing the fact that the skin 
remains sufficiently cool for a second or two after removal of the cooling surface permits 
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the window of the radiation source to be positioned spaced apart from the surface of the 
skin. This eliminates some problems created when the window of the radiation source 
directly contacts the skin during irradiation, such as window surface damage caused by 
intense heating from hair fragments that are heated by the laser beam. 
5 A further aspect of the invention is the recognition that radiation in the 

longer wavelengths (about 800 to 1200nm) of the band of melanin-absorbing radiation, 
typically considered from about 600nm to 1200nm, can be used without the need for the 
use of chromophore contaminants as taught by U.S. Patent 5,425,728. 

Other features and advantages of the invention will appear from the 
10 following description in which the preferred embodiments have been set forth in detail in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a simplified cross-sectional view of a hair with its root within a 

15 hair follicle; 

Fig. 2 plots absorption coefficient versus wavelength for different 
substances including melanin; 

Fig. 3 is a schematic representation of a hair removal assembly made 
according to the invention; 
20 Fig. 3 A is a simplified side view of the hair removal device of Fig. 3 with 

portions broken away to show internal detail; 

Fig. 3B is a simplified cross-sectional view taken along line 3B-3B of Fig. 

3A; 

Fig. 4 is a bottom plan view of the hair removal device of Fig. 3 A; 
25 Fig. 4A is an overall view of the lower end of an alternative embodiment 

of the hair removal device of Fig. 3 A; 

Fig. 5 is a theoretical plot of fluence versus radial position for a diverging 

beam; 

Fit. 5 A shows an idealized plot of how to square off or equalize the 
30 fluence of the beam of Fig. 5; 

Fig. 6 is a simplified view of the radiation source of Fig. 3 showing how 
radiation is reflected from the walls of the reflective chamber to help equalize radiation 
intensity and reduce hot spots; 
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Fig. 7 shows several idealized plots of temperature versus depth below the 

skin surface; 

Figs. 8 A, 8b, 8C and 8D are two isometric views, a top plan view and an 
end view of another alternative embodiment of the hair removal device of Fig. 3 A with 
5 the economically shaped body removed; 

Fig. 9 is a simplified partial cross-sectional view of an alternative 
embodiment of the hair removal device of Fig. 3 A in which the device is configured to 
permit the user to see the skin area being treated; 

Fig. 10 is a simplified view of the bottom of a further alternative 
10 embodiment of the hair removal device of Fig. 3 A showing leading and trailing cooling 
surfaces; 

Fig. 1 1 is a partial cross-sectional side view of a hair removal device 
similar to that of Figs. 8A-8D but including a total internal reflecting optical element to 
help reduce laser radiation losses; 
15 Fig. 12 is an embodiment similar to that of Fig. 1 1 but also including a 

moisture wicking element to help remove condensation which may be produced along the 
reflecting chamber adjacent to the cooled copper block; and 

Fig. 13 is a simplified cross-sectional view taken along line 13-13 of 

Fig. 12. 

20 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
Fig. 1 illustrates, in simplified form, a hair 2 including a shaft 4 extending 
above skin surface 6 and a root 8 extending below the skin surface. The root 8 passes 
through epidermis 10 into dermis 12 with the base of the root being about 4mm below 
25 surface 6. Root 8 is housed within hair follicle 14, hair follicle 14 being surrounded by 
various tissues including connective tissue sheath 16 and blood vessels 18. The various 
tissues closely surrounding root 8 and connected with the growth of hair 2, including hair 
follicle 14 and connective tissue sheath 16, are collectively referred to as hair tissue 20 in 
this application. 

30 Because melanin is also present in epidermis 10, with darker skin types 

having more melanin than lighter skin types, it is important that the wavelength be long 
enough so that absorption is low for the moderate concentrations in melanin in the 
epidermis to permit most of the light to pass through to the root 8 and hair tissue 20 where 
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melanin concentrations are relatively high compared to the epidermis. Therefore, it is 
preferred to use wavelengths in the 800 to 1200nm range; in particular, an Nd:YAG 
(neodimium-doped YAG) laser having a wavelength of 1.06 micron is preferred because 
it is a relatively efficient source and the technology is well developed and readily 
5 available. 

Fig. 3 illustrates, schematically, a hair removal assembly 21 including a 
hand-held hair removal device 22, device 22 shown in more detail in the simplified views 
of Figs. 3 A and 3B. Device 22 includes a hand-grippable body 24 having an upper or 
outer end 26 into which an umbilical cable 28 passes. Body 24 also has a lower or skin 

10 contacting end 30 housing a formed copper block 32, block 32 having various cavities to 
provide various features and functions as described below. Block 32 defines a cooling 
surface 34, see also Fig. 4, which is used to contact the patient's skin and cool the skin 
and prior to irradiation. Surface 34 is a low friction, high lubricity surface to help prevent 
bonding between the cooling surface and the skin. 

15 Copper block 32 also houses a radiation source 36. Radiation source 36 

includes a reflective chamber 38, in this embodiment having a square cross-sectional 
shape. Reflective chamber 38 has its walls covered with a highly reflective material, such 
as gold; the material is chosen for its reflective qualities for the particular wavelength 
radiation to be used. Other materials, such as dielectric layers combined with high- 

20 reflectivity metals, could also be used. Chamber 38 has an optical fiber entrance 40 to 
permit an optical fiber 42, or a bundle of optical fibers, to extend into chamber 38. The 
opposite end of chamber 38 has an exit aperture 44 covered by a recessed window 46. 
Recessed window 46 is spaced apart from cooling surface 34 by a distance or gap 47, 
such as about 1 to 3mm (.04 to .12in). Recessed window 46 includes an inner window 

25 48, typically permanently or semi-permanently mounted to copper block 32 at exit 

aperture 44, and an outer window 50. Outer window 50 is removable secured in place by 
the use of an clip, not shown, or other suitable means. Windows 48, 50 are made of a 
suitable material, such as fused silica, although other materials, such as optical glasses, 
could also be used. By the use of inner and outer windows 48, 50, if outer window 50 is 

30 damaged, it can be easily replaced by the user. Accordingly, outer window 50 acts as a 
sacrificial window which if damaged, such as can occur through spalling as a result of 
bits of hair exploding when subjected to high power radiation, can be easily replaced. 
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Cooling surface 34 is cooled through the use of a coolant evaporator 52 
housed within a blind bore 54 formed in copper block 32. The coolant, which may be of 
various commercially available types, commonly Freon® or other fluorinated 
hydrocarbons, is directed to evaporator 52 through a coolant liquid line 56 and is recycled 
5 back to a refrigerant compressor 62 (see Fig. 3) through a coolant vapor return line 58. 
Line 58 coaxially houses coolant liquid line 56, line 58 being housed within thermal 
insulation 60. Lines 56, 58 and insulation 60 pass through umbilical cable 28 to 
refrigerant compressor 62 associated with a control console 64. Alternatively, cooling 
surface 34 can be cooled by a thermoelectric, Peltier device instead of the coolant 

10 evaporator. This, currently preferred, embodiment of the cooling device is discussed 
below with reference to Figs. 8A-8D. 

While it is desired to cool surface 34, such cooling can result in 
condensation on the surfaces of radiation source 36, in particular on the walls of chamber 
38 and on recessed window 46. To help prevent this, a separation slot 66 is made 

15 between that portion copper block 32 used to cool surface 34 and that portion of the block 
used for radiation source 36. An electrical, typically resistive, heating element 68 is 
positioned along one wall of slot 66, the right wall as shown in Figs. 3A and 3B, while 
the other, left wall is covered with thermal insulation 70. Heating element 68 is 
connected to console 64 through a conductor 71 extending along umbilical cable 28. In 

20 lieu of resistive heating element 68, the hot side of a thermoelectric type of heating 
element, such as discussed below with reference to Figs. 8A-8D, could be used. 

Laser hair removal treatments are designed to be effective and yet safe. 
That is, the treatment should cause thermal damage to hair tissue 20 but not substantial 
damage to surrounding tissue, such as blistering to the skin. To do so the energy per unit 

25 area (fluence) of the laser beam 74 at skin surface 6 must be controlled. Part of this 

control requires that the distance between skin surface 6 and the end of optical fiber 42 be 
controlled because beam 74 expands as it passes through reflective chamber 38. The 
distribution of energy across the laser beam at the skin surface should be substantially 
constant so that no hot spots, which could cause local damage to the epidermis, are 

30 created. Also, the individual exposure sites must fit tightly together, commonly called a 
tiled effect, so that there is little or no overlapping of the exposure sites and, at the same 
time, little or no area is left unexposed. The simplest shape that meets this tiling 
requirement is a rectangle. Other shapes can create a tiled pattern but they have other 
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drawbacks. Reflective chamber 38 and window 46 both have square cross-sectional 
shapes for efficient and effective treatment. 

Fig. 5 illustrates a graph of fluence versus radial position for a diverging 
beam, such as from optical fiber 42. What is desired is to square off the graph to equalize 
5 the fluence over the beam spot. This is suggested in Fig. 5A in which those portions of 
the beam at the edges are reflected or folded over back into the main portion of the beam 
to create a generally square wave graph of fluence versus radial position. Fig. 6 
illustrates how this is accomplished with the present invention. The walls 72 of chamber 
38 are made to be highly reflective of the particular wavelength of radiation. In the 

10 preferred embodiment the wavelength is 1 .06 micron and surface 72 is provided with a 
highly reflective gold surface. As suggested in Figs. 5A and 6, the diverging laser beam 
74 not only passes directly through window 46 but the edge portions of the beam are 
reflected off the walls 72 back into the main portion of the beam to create a generally 
equalized fluence level. Other optical arrangements can be used to help equalize the 

15 fluence applied to skin surface 6. For example, various devices called optical integrators 
or beam homogenizers are well known in the art of laser material processing. The 
simplicity of the present device is possible because the exit aperture, by virtue of being 
close to the cooling surface 34, is located close to the the target surface. 

In another embodiment, shown in Fig. 9, reflective chamber 38, exit 

20 aperture 44 and protective window 46A are spaced much further from the skin surface to, 
for example, give the practitioner a better view of the treatment area 73 through a view 
port 75. View port 75 may be an open region, as illustrated, or it could include, for 
example, transparent and/or reflective members to permit direct or indirect viewing of 
area 73. In this case, a lens system 77 is used between exit aperture 44 and window 46A 

25 to make an image of the exit aperture on the skin surface at treatment area 73. With this 
approach, the size of the exit aperture need not be the same size as the treatment area 73 
on the skin surface. The size of treatment area 73 could be made variable by proper 
selection of the focal length of lens system 77 and the distance between exit aperture 44 
and the lens system. This would be useful when it is desired to use the device for other 

30 treatments, such as the treatment of varicose veins. 

One way to control unwanted thermal damage to the skin is to cool the 
epidermis. Fig. 7 illustrates several idealized plots of tissue temperature versus depth 
below the skin surface. Plot A shows the normal variation of temperature versus depth 
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with the temperature rapidly approaching the normal core temperature of 37°C. Plot B 
illustrates the temperature at a range of tissue depth following a laser pulse when there 
has been no prior cooling of the skin. Assuming the energy is high enough to cause 
thermal damage at a depth of about 2 to 4mm, the typical range of depths need to cause 
5 damage to hair tissue 20, the skin surface temperature is hot enough to cause blistering 
and burning. The blistering and burning range is indicated by region 76, that is above 
about 68°C, while the temperature needed to cause hair tissue damage is indicated by 
region 78, that is above about 48°C. Plot C illustrates the result of cooling the skin 
surface after adequate pre-cooling. Adequate pre-cooling has commonly been found to 

10 be created when an copper heat sink, pre-cooled to about 0°C, is applied to the skin 

surface for about 1 to 2 seconds. Plot D plots temperature versus skin depth immediately 
after exposing the skin surface, pre-cooled as in the Plot C, to a laser-pulse similar to that 
which created Plot B. As can be seen, pre-cooling the skin surface results in prevention 
of burning or blistering the skin while permitting the target tissue, that is hair tissue 20, to 

1 5 be raised to a sufficiently high temperature to cause thermal damage to the tissue. Note 
that the plots in Fig. 7 are not taken from actual test data but are idealized plots provided 
to aid understanding the advantages of pre-cooling of the skin. 

Several patents discuss surface cooling to prevent tissue damage. See, for 
example, U.S. Patents 5,057,104; 5,282,789 and 5, 735,844. Coherent of Santa Clara, 

20 California sells a diode laser system for dermato logical use as the LightSheer. This 
product provides a hand piece with a cold window through which the laser exposure 
occurs. To use the device the window is first pressed against the treatment side for a 
period of time and then the laser beam is fired through the window. One of the problems 
with this simultaneous cooling technique when applied to laser hair removal is that it 

25 takes two to three seconds with the skin in contact with the cooled window to properly 
cool the skin surface to about 10 to 15°C. Thus, the practitioner must wait for about one 
to three seconds at each treatment site before firing the laser-pulse. 

The present invention eliminates any need to wait prior to firing the laser- 
pulse by separating the cooling surface and the laser discharge window. As seen in Fig. 

30 4, cooling surface 34 lies adjacent to window 46 in the direction of movement indicated 
by arrow 80. The width of surface 34 and window 46 are substantially the same while the 
length of 34 is about twice the length of window 46, that is with the length considered to 
be in the direction of arrow 80. Assuming a cooling time of two seconds is desired, the 
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forward end 82 of cooling surface 34 is placed over the first target area on skin surface 6. 
After about one second in that position, device 22 is moved in the direction of arrow 80 
the length of recessed window 46; in the preferred embodiment this is about one 
centimeter. At this time the first target area shifts to a position covered by cooling 
5 surface 34 but adjacent to window 46. After a second one-second interval, device 22 is 
again moved the length of recessed window 46; at this time the first target area, which has 
been cooled for a total of about two seconds, is aligned with recessed window 46. The 
practitioner then presses a fire button 84 on body 24 of device 22 causing a laser-pulse to 
be directed at skin surface 6. The practitioner then continues moving device 22 and 
10 pressing fire button 84 at one-second intervals to provide the desired laser treatment of 
the skin surface. 

The desired two-second cooling of skin surface 6 could also be done with 
cooling surface 34 about the same size as window 46. To do so would require that device 
22 be moved only every two seconds, or some other length of time needed to cool the 

1 5 skin surface 4. By making cooling surface 34 with a length greater than the length of 

window 46, the amount of time between laser-pulses need not be controlled by how long 
it takes to cool the skin surface. Rather, the device can be designed so that the time 
between laser-pulses is chosen to be at a comfortable pace for the operator while not 
unduly extending the time the entire procedure takes. For example, if it is believed that 

20 the proper interval between pulses is three-quarters of a second but the skin area needs to 
be cooled for three seconds, the length of cooling surface 34 could be made to be about 
four times the length of window 46; using these parameters, moving device 22 by the 
length of window 46 between each pulse permits the skin surface to be cooled for the 
desired three seconds while the practitioner can operate the fire button at the desired 

25 three-quarter second between pulses. Therefore, the length of the cooling surface (Y) is 
equal to the length of the window (X) multiplied by the time desired to cool the target site 
(C), the result divided by the desired interval between laser pulses (Z); that is , Y=(X x 
C)/Z. Adjustments to the thermal capacity, thermal conductivity and temperature of 
block 30 and cooling surface 32 can also be made to vary the required time needed to 

30 cool skin surface 6. 

Fig. 4A illustrates an alternative embodiment of the invention in which 
window 46A is rectangular having a width about three times its length. In this case 
cooling surface 34A would have a width about equal to the width window 46A. 
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However, the length of cooling surface 34A is, like in the embodiment of Fig 4, about 
twice the length of window 46 A based on the premise that the interval between actuation 
of fire button 84 will be equal to one-half the length of time it is desired to apply equal 
surface 34A to the skin surface to properly cool the skin surface. 
5 The pre-cooling of the skin surface followed by the irradiation is based on 

the premise that the skin can be cooled relatively quickly compared with the time it takes 
to warm back to its normal temperature. For example, in one experimental trial using a 
cooling surface 34 maintained at about 0°C and applying the cooling surface to skin 
surface 6 for one second lowered the skin surface temperature about 12°C; application for 

10 two seconds lowered the skin temperature by about 18°C; application for three seconds 
lowered the skin temperature by about 20°C. Therefore, two seconds of cooling time 
appears to be adequate with this particular cooling surface; three seconds of cooling time 
is better but only marginally so. While one second of cooling time does produce a 
significant drop in skin temperature, it may not be adequate depending upon various 

15 factors, primarily the amount of pigment in the patient's skin, the patient's hair color and 
other such factors. Accordingly, it is believed cooling times from about one to two 
seconds, and generally more preferably about two seconds, are expected to produce good 
results at a reasonable pace with the disclosed embodiment. 

In another mode of operation which could be used by experienced 

20 practitioners, the laser system would be set to emit pulses continuously at a constant 
repetition rate of, for example, 1 Hz. The practitioner would hold the handpiece in 
continuous contact with the patient's skin and move it at a constant velocity equal to the 
product of exposure-area length time repetition rate. This will maximize the rate at which 
the treatment proceeds while still providing adequate skin cooling and complete coverage. 

25 Figs. 8A-8D illustrate another alternative embodiment hair removal device 

22 but with the economically shaped body shown in Fig. 3 removed. Device 22A is 
similar to device 22 but instead of using coolant evaporator 52, device 22 uses a 
thermoelectric device 88, typically a Peltier device. Thermoelectric device 88 has a warm 
part 85 and a cold part 86 created by the passage of electricity through the thermoelectric 

30 device. To remove the heat created at warm part 85, thermoelectric device 88 includes a 
water cooled copper heat sink 90 having inlet and outlet lines 92, 94. The cold part 86 of 
device 88 is thermally coupled to copper block 32A by a bar extension 93 of block 32 A 
so to cool cooling surface 34A, block 32A being gold-plated. 
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Fig. 10 illustrates another embodiment of the invention in which recessed 
window 46 is centered between two cooling surfaces 34. This provides two advantages: 
(1) the practitioner can move device 22 in either direction, back and forth, without having 
to rotate the handpiece, (2) the trailing cooling surface will reduce both pain and trauma 
5 to the skin following the laser exposure. This will be particularly important for the 
treatment of patients with darker skin types. 

Fig. 1 1 illustrates a further embodiment of the invention similar to the 
embodiment of Figs. 8A-8D and also with the economically shaped body shown in Fig. 
3 removed. Reflective chamber 38B of hair removal device 22B includes a total internal 

10 reflecting optical element 100 having an entry surface 102 which accepts laser beam 74, 
an exit surface 104 facing recessed window 46, and a total internal reflecting sidewall 
surface 106. By partially filling gold-plated chamber 38B with optical element 100, 
typically a rectangular fused silica block, the same goal of uniform fluence can be 
achieved with much reduced optical absorption loss. The gold plating on wall 72B still 

1 5 remains important to maintain reflectivity as high as practical for light scattered back 

from the treated skin. Entry and exit surfaces 102, 104, windows 48, 50 and optical fiber 
42 are preferably coated with thin dielectric layers to reduce reflection losses. 

Fig. 12 illustrates a slightly modified version of the hair removal device 
22B of Fig. 11. Hair removal device 22C has a moisture wicking element 108, typically 

20 made of a refractory material such as glass or ceramic fibers that will not be affected by 
the laser beam if element 108 happens to be struck directly or indirectly by the laser 
beam. Element 108 is wrapped around the distal end 1 10 of reflective chamber 38A 
adjacent to copper block 32 A. Element 108 continues along copper block 32A and then 
up along the side of water cooled heat sink 90C. Water cooled heat sink 90C is warm 

25 enough so that condensation which may collect at or near distal end 110 of reflective 
chamber 38A can be wicked away and evaporated by the heat generated by 
thermoelectric device 88. Doing so will help keep optically sensitive areas dry and free 
of conservation. In addition, the evaporation of water will help cool heat sink 90C. It 
may be necessary or desirable to provide vents or other structure to help remove warm, 

30 moist air produced by evaporating moisture from element 108 at heat sink 90C. 

One embodiment of the laser system can operate at average power output 
levels of up to 120 watts delivered to tissue. Under these conditions there is enough 
absorption of laser power in reflective chamber 38A that it is important to thermally 
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connect it to a heat sink. One choice would be to connect chamber 38A to the cold part 
86 of the thermo-electric cooling assembly. The problem with this configuration is that 
when device 22C is not delivering laser energy at a high rate, reflective chamber 38A 
would become cold enough to condense water vapor out of the air and could collect liquid 
5 water on sensitive optical surfaces. A better choice of heat sinking chamber 38 A is to 
thermally connect it to water-cooled heat sink 90C. The cooling water can be supplied 
from the same circulation system used to cool the laser itself; this water is typically 
cooled by a water-to-air heat exchanger (not shown). When so cooled the cooling water 
can never be colder than room temperature and is usually at least several degrees to a few 
10 tens of degrees C warmer than room temperature. This helps to ensure that the reflective 
chamber is always above the dew point and therefore incapable of condensing water out 
of the air. 

Thermal coupling of heat sink 90C with chamber 38A is provided by an 
extension 112 of heat sink 90. Extension 112 passes through a cut-out in a circuit board 

15 116 and contacts a proximal end 1 18 of reflective chamber 3 8 A. See Figs. 12 and 13. A 
pair of set screws 120 are used to secure proximal end 1 18 to extension 1 12 for stability 
and to ensure good thermal contact. Heat sink 90 is typically made of copper and 
chamber 38A is typically made of aluminum so that heat sink 90 keeps chamber 38A 
warm enough to help prevent condensation on chamber 3 8 A. 

20 Another aspect of the invention relates to the control of the laser-pulse 

according to the diameter of shaft 4 of hair 2. Part of this selection is based on the belief 
that laser-pulse duration should be selected to match the thermal relaxation time of the 
targeted hair. For small diameter hair the pulse should be shorter while for larger 
diameter hair the pulse should be longer. This belief is used in conjunction with the 

25 belief that high peak powers should be avoided. Thus, it is preferred to use longer pulse 
durations with lower peak powers and to selectively adjust the duration according to the 
shaft diameter to minimize or eliminate damage to epidermis 10 while not sacrificing heat 
transfer to hair tissue 20. With this in mind, it is believed that a wavelength in the range 
of about 800 to 1200nm would be quite suitable for use with the present invention. For 

30 the preferred embodiment a wavelength of 1.06 micron has been chosen. The choice of a 
1 .06 micron laser is beneficial for many reasons. It permits treating of patient having 
darker pigmented skin than the shorter wavelength lasers commonly used. The 1 .06 
micron laser is relatively efficient, requires no special cooling and has the ability to create 
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high pulse energy (such as about 4000 watts in one preferred embodiment) in low duty 
cycle pulses without large power-consuming support systems. Further the 1 .06 micron 
laser can use flash lamp exitation which can be engineered at a fraction of the cost of high 
peak power diode lasers. 
5 Console 64 is provided with control panel 95 (see Fig. 3) having a number 

of inputs 96 to provide the desired user control. Inputs 96 include a laser-pulse duration 
input, which is chosen according to the hair shaft diameter. The laser-pulse duration 
pulse input could be selected in terms of actual or relative time duration or in terms of 
actual or relative hair shaft diameter thickness. In addition to the laser pulse duration 

10 (hair shaft diameter) input, control panel 96 also includes one or both of a laser-pulse 
amplitude input or a laser-pulse fluence input. Other inputs to permit other variables to 
be controlled can also be provided. Console 64 may also include a display 98 to provide 
the user with information, such as the temperature of cooling surface 34, optimal laser 
pulse actuation rate, laser-pulse duration selected, etc. In one preferred embodiment 

15 control panel 95 includes the following inputs: keyswitch to start the system and turn it 
off, standby and ready buttons to select the state of operation, controls to select fluence 
level, pulse width and repetition rate, and emergency-off button; and has the option of 
displaying the following information: laser and handpiece status (ready/not ready), laser 
emission indicator, and pulse counter. 

20 In use, the operator first determines the general diameter of the hair to be 

removed from the patient. Then the laser-pulse duration is selected using the appropriate 
input 96. In one embodiment, typical hair shaft diameters of about 25 to 150 micrometers 
will result in laser-pulse durations of about 25 to 150 microseconds. The laser-pulse 
amplitude or laser-pulse fluence is also selected using an appropriate input 96. After 

25 ensuring that the temperature of cooling surface 34 has reached the desired operating 

temperature, the front end 82 of cooling surface 34 is placed on the initial target area on 
the patient's skin. To ensure full treatment of the entire area of the skin without missing 
areas or having excessive overlaps in area, the skin area may be temporarily marked with 
a set of lines or a grid to help guide device 22. Front end 82 of cooling surface 34 is then 

30 placed at a first target area on the patient's skin. Cooling surface 34 typically remains in 
place from about .25 to two seconds. In one preferred embodiment, cooling surface 34 
remains in place for one second; after the first second, device 22 is moved in the direction 
of arrow 80 a distance equal to the length of window 46. After remaining at this position 
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for one second, the user again moves a distance equal to one window length. At this 
point the first target area has been cooled for the designed two seconds so the target area 
can be irradiated by pressing fire button 84 during the next one-second interval. 
Following the firing of a laser and the expiration of the one-second interval, the operator 
5 again moves device 22 in the direction arrow 80 one window length and presses fire 
button 84 to irradiate skin surface 6 thus causing thermal damage to hair tissue 20. The 
thermal damage is intended to cause the hair root area to be denatured so that the hair 
does not grow back. This procedure continues over the entire treatment area. 

Modification and variation can be made to the disclosed embodiments 
10 without departing from the subject of the invention as defined in the following claims. 
While the invention has been described primarily with reference to hair-treatment 
methods, it may also be useful for other dermatological application. 

Any and all patents, patent applications and printed publications referred 
to above are incorporated by reference. 
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1 1 . A hair removal device comprising: 

2 a body having a skin-contacting end; 

3 a skin-cooling element carried by the body and having a cooling surface at 

4 the skin-contacting end; 

5 a radiation source carried by the body and having a recessed window 

6 through which hair tissue-damaging radiation passes to a patient's skin; 

7 said recessed window being laterally offset from the cooling surface; and 

8 said recessed window being spaced apart from the cooling surface in a 

9 direction away from the patient's skin when the cooling surface is contacting the patient's 
10 skin so to create a gap between the window and the patient's skin. 

1 2. The device according to claim 1 further comprising a radiation 

2 pulse actuator button carried by the body. 

1 3. The device according to claim 1 wherein said radiation source 

2 comprises an optical chamber having an exit aperture covered by said recessed window 

3 and an optical fiber entrance in which an optical fiber can be housed to permit hair tissue- 

4 damaging radiation to pass from the optical fiber into the optical chamber. 

1 4. The device according to claim 3 wherein the exit aperture is 

2 rectangular. 

1 5. The device according to claim 4 wherein the exit aperture is square. 

1 6. The device according to claim 3 wherein the optical chamber 

2 comprises light-reflecting walls which help to equalize the fluence of radiation passing 

3 through the exit aperture. 

1 7. The device according to claim 3 wherein said optical chamber 

2 comprises a total internal reflecting optical element having an entry surface facing the 

3 optical fiber, an exit surface facing the recessed window and a total internal reflecting 

4 sidewall surface so that effectively all radiation entering the entrance surface from the 

5 optical fiber passes through the exit surface. 
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1 8. The device according to claim 7 wherein the optical element 

2 comprises a rectangular fused silica block. 

1 9. The device according to claim 3 wherein said optical chamber 

2 comprises a beam size-defining lens system by which the lateral size of the radiation 

3 beam passing through the recessed window can be controlled. 

1 10. The device according to claim 3 further comprising a heating 

2 element thermally coupled to the optical chamber so to permit heating of at least a part of 

3 the optical chamber. 

1 11. The device according to claim 10 further comprising a moisture- 

2 wicking element extending between a region cooled by the skin-cooling element and the 

3 heating element so that condensation at said region can be wicked away for evaporation 

4 by the heating element. 

1 12. The device according to claim 1 wherein the cooling surface is 

2 adjacent to the recessed window and is aligned with the recessed window along a 

3 direction of motion. 

1 13. The device according to claim 12 wherein the recessed window and 

2 the cooling surface have window and cooling surface dimensions along the direction of 

3 motion. 

1 14. The device according to claim 13 wherein the cooling surface 

2 dimension is at least about two times the window dimension. 

1 15. The device according to claim 13 wherein the cooling surface 

2 dimension is about equal to the window dimension multiplied by a first chosen time 

3 interval for cooling the patient's skin, the result divided by a second chosen time interval 

4 between applications of the hair tissue-damaging radiation. 

1 16. The device according to claim 1 wherein the window comprises an 

2 inner window and an outer, user-replaceable window. 
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1 17. The device according to claim 15 further comprising an user- 

2 removable clip releasably mounting the outer window to the body adjacent to the inner 

3 window. 

1 18. The device according to claim 1 wherein the body is a hand- 

2 grippable body. 

1 19. The device according to claim 1 wherein the cooling surface is a 

2 high lubricity surface to help prevent bonding between the cooling surface and skin. 

1 20. The device according to claim 1 further comprising a view port 

2 formed adjacent to the recessed window to permit viewing of the patient's skin directly 

3 under the recessed window. 

1 21 . The device according to claim 1 further comprising means for 

2 viewing of the patient's skin directly under the recessed window. 

1 22. The device according to claim 1 wherein the skin cooling element 

2 comprises first and second of said cooling surfaces with the recessed window being 

3 located between said first and second cooling surfaces. 

1 23. A hair removal assembly comprising: 

2 a body having a skin-contacting end; 

3 a skin-cooling element carried by the body and having a cooling surface at 

4 the skin-contacting end; 

5 a radiation source carried by the body and having a window through which 

6 hair tissue-damaging radiation passes to a patient's skin; 

7 said window being laterally offset from the cooling surface; 

8 a laser supplying laser light to the radiation source for passage through the 

9 window; and 

10 laser-power inputs comprising a laser-pulse duration input and one of a 

1 1 laser-pulse amplitude input and a laser-pulse fluence input. 

1 24. The assembly according to claim 23 wherein said window is a 

2 recessed window spaced apart from the cooling surface in a direction away from the 
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3 patient's skin when the cooling surface is contacting the patient's skin so to create a gap 

4 between the radiation source and the patient's skin. 

1 25. The assembly according to claim 23 further comprising a source of 

2 a liquid coolant, and wherein the cooling element comprises a heat sink, a coolant 

3 evaporator thermally coupled to the heat sink, a coolant supply line coupling the coolant 

4 evaporator to the source of liquid coolant, and a coolant vapor return line coupling the 

5 evaporator to the source of liquid coolant. 

1 26. The assembly according to claim 25 wherein the source of liquid 

2 coolant comprises a refrigerant compressor. 

1 27. The assembly according to claim 23 wherein the skin-cooling 

2 element comprises a heat sink and a thermoelectric device having a cooled part, thermally 

3 coupled to the heat sink, and a heated part. 

1 28. The assembly according to claim 27 wherein the heated part of the 

2 thermoelectric device is thermally coupled to a second heat sink. 

1 29. The assembly according to claim 28 wherein the second heat sink 

2 is a liquid-cooled heat sink. 

1 30. The assembly according to claim 23 further comprising a heating 

2 element thermally coupled to the radiation source. 

1 31. The assembly according to claim 30 further comprising a moisture- 

2 wicking element extending between a region cooled by the skin-cooling element and the 

3 heating element so that condensation at said region can be wicked away for evaporation 

4 by the heating element. 

1 32. The assembly according to claim 31 wherein the heating element 

2 comprises a heat sink portion and said wicking element is in contact with the heat sink 

3 portion of the heating element. 

1 33. The assembly according to claim 23 wherein said radiation source 

2 comprises an optical chamber having an exit aperture covered by said window and an 
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3 optical fiber entrance in which an optical fiber is housed to permit laser light from the 

4 laser to be directed into the optical chamber, and further comprising a heating element 

5 thermally coupled to the optical chamber to help prevent condensation on said optical 

6 chamber or said window. 

1 34. The assembly according to claim 33 wherein the heating element 

2 comprises a heat sink portion in physical contact with the optical chamber. 

1 35. The assembly according to claim 26 wherein said optical chamber 

2 comprises a total internal reflecting optical element having an entry surface facing the 

3 optical fiber, an exit surface facing the recessed window and a total internal reflecting 

4 sidewall surface so that effectively all radiation entering the entrance surface from the 

5 optical fiber passes through the exit surface. 

1 36. The assembly according to claim 35 wherein the optical element 

2 comprises a rectangular fused silica block. 

1 37. The assembly according to claim 26 wherein said optical chamber 

2 comprises a beam size-defining lens system by which the lateral size of the radiation 

3 beam passing through the recessed window can be controlled. 

1 38. The assembly according to claim 26 further comprising a moisture 

2 wicking element extending between a region cooled by the skin-cooling element and the 

3 heating element so that condensation at said region can be wicked away for evaporation 

4 by the heating element. 

1 39. A hair-removal method comprising: 

2 determining the diameter typical of the hair to be removed from a patient; 

3 selecting a laser-pulse duration for a hair removal device according to this 

4 diameter of the hair so that smaller diameter hair results in a shorter laser-pulse duration 

5 than larger diameter hair; and 

6 applying laser energy through a window of the hair removal device of the 

7 selected laser-pulse duration to a patient's skin to cause thermal injury to hair tissue. 



1 



40. A method for preparing a hair-removal device for use comprising: 
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2 determining the diameter typical of the hair to be removed from a patient; 

3 and 

4 selecting a laser-pulse duration for a hair removal device according to this 

5 diameter of the hair so that smaller diameter hair results in a shorter laser-pulse duration 

6 than larger diameter hair. 

1 41 . The method according to claims 39 or 40 further comprising the 

2 step of selecting a chosen one of a laser-pulse amplitude and a laser-pulse fluence prior to 

3 the applying step. 

1 42. The method according to claim 39 wherein the laser energy 

2 applying step is carried out by: 

3 positioning a cooling element of the hair removal device against a first 

4 target area on the patient's skin; 

5 moving, after a chosen cooling period of time, the cooling element from 

6 the first target area to a second target area with the window overlying and spaced-apart 

7 from the first target area; 

8 applying the laser energy to the first target area through the window with 

9 the window overlying and spaced-apart from the first target area 

1 43, The method according to claim 42 further comprising moving, after 

2 the laser energy applying step, the window to overlay the second target area while 

3 positioning a second cooling surface against the first target area. 

1 44. The method according to claim 42 wherein the moving step is 

2 carried out with the chosen cooling period of time being about .25 to two seconds. 

1 45. The method according to claims 39 or 40 further comprising the 

2 step of selecting a hair removal device using laser energy in the 800 to 1200nm avelength 

3 range. 

1 46. The method according to claims 39 or 40 further comprising the 

2 step of selecting a hair removal device using laser energy having a wavelength of about 

3 1.06 microns. 
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1 47. The method according to claims 39 or 40 wherein the selecting step 

2 is carried out so that hair diameters from about 25 to 150 micrometers result in laser-pulse 

3 durations of about 5 to 50 milliseconds. 

1 48. A method for preparing to apply hair tissue-damaging radiation to a 

2 target site on a patient's skin comprising: 

3 accessing a hair removal device having a skin cooling surface and a 

4 radiation source with a window through which hair tissue-damaging radiation passes, the 

5 skin cooling surface and the window aligned along a direction of motion; 

6 selecting a chosen one of : 

7 (i) a first chosen time interval (C) for cooling the target site; and 

8 (ii) a second chosen time interval (Z) between applications of hair 

9 tissue-damaging radiation; and 

10 determining the other of the first and second time intervals based on the 

1 1 following: 

12 Y= (X x C) /Z, where 

13 X and Y are the respective lengths of the cooling surface and the 

14 window measured in the direction of motion. 
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FIG. 3 A. F/G. 3B. 
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(54) Title: HAIR-REMOVING DEVICE WITH A CONTROLLABLE LASER SOURCE 
(57) Abstract 

A hair-removing device 
(1) comprises a laser source (3), 
an adjustable laser beam manip- 
ulator (5) for positioning a laser 
beam (7) of the laser source 
(3) in a target position (9) on 
a skin (11) to be treated, and 
an image sensor (47) for de- 
tecting an image (49) of the 
skin. According to the inven- 
tion, the hair-removing device 
further comprises a control unit 
(17) which determines a posi- 
tion and orientation on the skin 
of a hair (13) to be removed, 
and which determines the tar- 
get position of the laser beam as 
a function of said position and 
orientation of the hair. The con- 
trol unit brings the laser beam 
manipulator in a state corre- 
sponding to the target position 
of the laser beam, and activates 
the laser source when the laser 
beam manipulator has reached 

said state. Thus, the hair-removing device is suitable for use by inexperienced users, and is particularly suitable for the consumer market 
In a particular embodiment, the control unit determines the target position of the laser beam in a position (71) on the skin under which a 
root (15) of the hair is present, so that the root of the hair is destroyed and the hair-removing device (1) is an epilating device by means 
of which the hair is removed for a relatively long time or even permanently. In another embodiment, the control unit determines the target 
postion of the laser beam in a position (65) on the hair where the hair comes out of the skin, so that the hair is burnt through near the skin 
surface and the hair-removing device (1") is a shaving device by means of which a high skin smoothness is obtained. 
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Hair-removing device with a controllable laser source. 



The invention relates to a hair-removing device provided with a laser source, an 
adjustable laser beam manipulator for positioning a laser beam supplied by the laser source 
during operation in a target position on a skin to be treated, and an image sensor for detecting 
an image of at least a portion of the skin. 

5 

A hair-removing device of the kind mentioned in the opening paragraph is 
known from US patent 5,653,706. The known hair-removing device is designed for use by a 
professional therapist and may be used not only for removing hairs but also for other 
dermatological treatments such as the treatment of necrotic skin tissue, varicose veins, or 

1 0 pigment spots. The image of the skin detected by the image sensor is rendered visible to the 
therapist on a picture screen. The known hair-removing device further comprises a control 
member by means of which the therapist can operate the laser beam manipulator and can thus 
guide the laser beam supplied by the laser source manually over the skin under treatment. 
While being guided over the skin, the laser beam has only a comparatively low energy density, 

1 5 and the therapist can monitor the position of the laser beam on the skin by means of the picture 
screen. When the laser beam is in the target position as determined by the therapist, the laser 
beam can be intensified for a predetermined time duration by the therapist through the 
operation of a further control member of the hair-removing device. The laser beam has a 
wavelength which is well absorbed by the tissue to be treated, so that the tissue present around 

20 the target position is strongly heated locally by the laser beam, and the relevant tissue dies. For 
a permanent removal or epilation of a hair present on the skin, the laser beam is aimed at the 
root of the hair, so that the root and the tissue surrounding it die. Since the known hair- 
removing device is provided with said image sensor and adjustable laser beam manipulator, it 
is possible to treat the skin locally with a laser beam of a comparatively small spot diameter, 

25 so that the laser source need have only a comparatively low power. Accordingly, a 

comparatively small and simple laser diode is used in the known hair-removing device. 

A disadvantage of the known hair-removing device is that a comparatively long 
treatment time is necessary for the removal of all hairs present on a skin under treatment 
because the therapist must displace the laser beam manually from one hair to the next. In 
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addition, a determination of the target position of the laser beam on the skin requires the user 
to have a considerable experience, so that the known hair-removing device is suitable 
exclusively for use by a professional therapist. 

5 It is an object of the invention to provide a hair-removing device of the kind 

mentioned in the opening paragraph with which a comparatively short treatment time is 
possible and which is suitable for use by inexperienced persons, i.e. suitable for the consumer 
market. 

To achieve this object, a hair-removing device according to the invention is 

1 0 characterized in that the laser source is controllable by means of an electrical control unit, 
which control unit during operation determines the target position of the laser beam as a 
function of a position and/or orientation on the skin of a hair to be removed as determined 
from the image by the control unit, and which control unit activates the laser source the 
moment the laser beam manipulator is in a position which corresponds to the target position of 

1 5 the laser beam. The determination of the target position of the laser beam and the activation of 
the laser source take place fully automatically because the target position of the laser beam is 
determined by the control unit and the laser source is activated by the control unit when the 
laser beam manipulator is in a position which corresponds to the target position of the laser 
beam. The control unit also renders it possible, for example, to adjust the laser beam 

20 manipulator in a predetermined manner automatically in that position which corresponds to 
the target position of the laser beam on the skin. This renders the hair-removing device 
according to the invention suitable for a safe use by inexperienced persons, so that the hair- 
removing device is particularly suitable for the consumer market. The control unit comprises, 
for example, a suitable algorithm for determining the target position for the laser beam from 

25 the image of the skin detected by the image sensor, which algorithm is capable of determining 
the position and/or the orientation of the hair to be removed on the skin on the basis of the 
image information and is capable of determining the target position on the basis of said 
position and/or orientation of the hair. The automatic determination of the target position of 
the laser beam as described above, the automatic adjustment of the laser beam manipulator, 

30 and the automatic activation of the laser source take place within a comparatively short time, 
so that a comparatively short treatment period can be achieved by means of the hair-removing 
device according to the invention. 

A special embodiment of a hair-removing device according to the invention is 
characterized in that the control unit determines the target position of the laser beam in a 
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partial region of the image having dimensions which are determined by a previously 
determined average distance between hairs present on the skin and a previously determined 
length of the hairs. In this special embodiment, the control unit is active substantially 
exclusively in said partial region of the image which comprises no more than a few hairs to be 
5 removed, and preferably only a single hair. Said previously determined length of the hairs 

should preferably be smaller than said average distance between the hairs and can be achieved, 
for example, in that the hairs are trimmed by means of a separate trimmer or, for example, a 
trimmer belonging to the hair-removing device prior to the treatment by means of the hair- 
removing device. Since the control unit is active substantially exclusively in said partial region 

1 0 of the image, a calculation time and calculation capacity of the control unit required for 
determining the target position are strongly reduced. 

A further embodiment of a hair-removing device according to the invention is 
characterized in that the dimensions of the partial region of the image are adjustable. Since the 
dimensions of the partial region of the image are adjustable, said dimensions can be adapted to 

1 5 the properties of the skin under treatment by the user of the hair-removing device, so that the 
treatment time and treatment result can be optimized for each individual user. 

A yet further embodiment of a hair-removing device according to the invention 
is characterized in that the laser beam manipulator is adjustable by means of the control unit 
into a sequence of consecutive positions which correspond to a regular sequence of virtual 

20 positions of the laser beam on said portion of the skin, a reference position in the partial region 
of the image corresponding to the instantaneous virtual position of the laser beam, and the 
control unit activating the laser source when the reference position corresponds to the target 
position of the laser beam. In this yet further embodiment, the portion of the skin 
corresponding to the image is scanned by the laser beam manipulator in a regular manner. 

25 Since the reference position lying in the partial region of the image corresponds to the 

instantaneous virtual position of the laser beam, the partial region of the image will follow the 
instantaneous virtual position of the laser beam, so that the target position in the partial region 
of the image as determined by the control unit changes continually with respect to the 
reference position. An advantage of this yet further embodiment is that the laser beam 

30 manipulator is continuously justed in a regular manner by the control unit, so that the laser 
beam manipulator need not have an exceptionally short adjustment time and an exceptionally 
high adjustment accuracy. 

A special embodiment of a hair-removing device according to the invention is 
characterized in that the control unit determines the target position of the laser beam in a 
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regular sequence of consecutive partial regions of the image, the laser beam manipulator being 
adjustable by means of the control unit in each of said partial regions into a position which 
corresponds to the target position of the laser beam in the relevant partial region. In this 
special embodiment, the detected image of the skin is scanned by the control unit in a regular 
5 manner in accordance with said sequence of consecutive partial regions. The control unit 
determines a target position in each of the consecutive partial regions, whereupon the laser 
beam manipulator is adjusted into the position corresponding to the relevant target position by 
the control unit. An advantage of this special embodiment is that the laser beam manipulator 
need not scan the full portion of the skin which corresponds to the image but is merely 

1 0 adjusted consecutively into positions which correspond to the target positions as determined in 
the consecutive partial regions of the image. It is true that the laser beam manipulator is 
adjusted in an irregular manner by the control unit here, so that comparatively high 
requirements are imposed on the adjustment time and the adjustment accuracy of the laser 
beam manipulator, but the treatment time of the hair-removing device is considerably further 

1 5 reduced. 

A further embodiment of a hair-removing device according to the invention is 
characterized in that the control unit determines from the position and orientation on the skin 
of the hair to be removed, as determined from the image, a region on the skin below which a 
root of the hair will be present with a predetermined degree of probability, the control unit 

20 determining at least one target position on the skin in said region. In this further embodiment, 
the hair-removing device is used as an epilation device. Since the laser beam treats the root of 
the hair, the root of the hair will die, as will the skin tissue present in the immediate vicinity, 
so that the hair is permanently removed, or at least for a longer period. The region on the skin 
below which the root is deemed to be present with the predetermined degree of probability is 

25 determined by the control unit on the basis of, for example, previously determined statistical 
information on the length of the subcutaneous portions of hairs and on the angle of the 
subcutaneous portions of hairs with respect to the skin surface. 

A yet further embodiment of a hair-removing device according to the invention 
is characterized in that the laser beam manipulator is adjustable by means of the control unit 

30 into a sequence of consecutive positions which correspond to a displacement of the laser beam 
over a rectilinear path on the skin with a predetermined velocity, said rectilinear path lying on 
a virtual straight line which coincides substantially with a perpendicular projection of the hair 
to be removed on the skin, the control unit activating the laser source at the start of said 
displacement. The region on the skin mentioned above below which the root of the hair will be 
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present with the predetermined degree of probability can thus be efficiently treated in its 
entirety, while a required spot diameter of the laser beam is considerably reduced. 

A particular embodiment of a hair-removing device according to the invention 
is characterized in that the laser beam manipulator is adjustable by means of the control unit 
5 into a number of consecutive fixed positions corresponding to a number of fixed target 

positions of the laser beam on a rectilinear path on the skin, which rectilinear path lies on a 
virtual straight line which coincides substantially with a perpendicular projection of the hair to 
be removed on the skin, the control unit activating the laser source in each of said fixed 
positions of the laser beam manipulator during a predetermined time. Said region on the skin 

1 0 below which the root of the hair will be present with the predetermined degree of probability 
can thus likewise be efficiently treated in its entirety, while a required spot diameter of the 
laser beam is likewise strongly reduced. 

A further embodiment of a hair-removing device according to the invention is 
characterized in that the control unit determines an exit position on the hair, where the hair 

1 5 issues from the skin, from the position and orientation on the skin of the hair to be removed as 
determined from the image, the control unit equalizing the target position of the laser beam 
with a position on the hair adjacent said exit position. This further embodiment of the hair- 
removing device is used as a shaver. Since the target position of the laser beam lies on the hair 
adjacent the exit position of the hair, the hair will be burnt through by the laser beam adjacent 

20 the exit position, i.e. adjacent the skin surface. The control unit may be programmed, for 

example, such that the target position lies at a level with the skin surface, or even below the 
skin surface, so that a very smooth shaving result is obtained which is maintained for a 
comparatively long period. The hair-removing device may be provided, for example, with a 
further adjustment member for adjusting the target position relative to the skin surface, so that 

25 the user can set a desired smoothness. 

A still further embodiment of a hair-removing device according to the invention 
is characterized in that the hair-removing device comprises a separate illumination member for 
illuminating at least the portion of the skin which is to be detected by the image sensor. The 
use of the separate illumination member achieves that the image detected by the image sensor 

30 is fully formed by light from the illumination member reflected by the skin, and the laser 
source can be completely switched off between the exposures of two consecutive target 
positions. Reflected light coming from the laser beam need not reach the image sensor because 
the image detected by the image sensor is fully formed by light of the illumination member 
reflected by the skin. Accordingly, the image sensor may be provided with a filter for the 
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reflected light of the laser beam, so that the image sensor is protected against damage which 
may arise as a result of the reflected light of the laser beam when the laser beam is in its target 
position and has a high energy density. 

A special embodiment of a hair-removing device according to the invention is 
5 characterized in that the control unit determines from the image a reflection spectrum of the 
skin portion detected by the image sensor, the control unit comparing the reflection spectrum 
with a predetermined reference spectrum of at least one frequently occurring skin deviation, 
while the control unit determines from said comparison positions on the skin in which said 
skin deviation is present and does not activate the laser source in said positions on the skin. It 

1 0 is prevented in this special embodiment that the laser beam is aimed at target positions which 
lie within such a skin deviation such as, for example, a mole or some other pigment spot. Such 
skin deviations often have a comparatively high absorption power for the laser light used for 
the treatment of the hairs or hair roots, so that injuries arise in the case of contact with laser 
light. This special embodiment thus provides an automatic protection from such injuries. 

1 5 A further embodiment of a hair-removing device according to the invention is 

characterized in that the control unit comprises means for determining an actual position of the 
laser beam on the skin from the image detected by the image sensor. Since the actual position 
of the laser beam on the skin is determined, the laser beam manipulator can, for example, be 
corrected or calibrated in such a manner that said actual position accurately corresponds with 

20 the desired target position determined by the control unit. Since said actual position is 

determined by the image sensor, a separate sensor for determining said actual position is not 
necessary, and the image sensor is used in an effective manner. 

A yet further embodiment of a hair-removing device according to the invention 
is characterized in that the laser beam manipulator is adjustable by means of the control unit 

25 via an output signal of the control unit in accordance with a predetermined mathematical 
relation between said output signal and the target position, the control unit comprising a 
calibration member for calibrating said predetermined mathematical relation on the basis of a 
measured relation between said output signal and the actual position of the laser beam on the 
skin. Since the control unit adjusts the laser beam manipulator in accordance with said 

30 predetermined mathematical relation between said output signal and the target position, the 
output signal required to achieve a predetermined target position can be determined by the 
control unit in a relatively short time period, so that the predetermined target position is 
achieved in a relatively short time period. Since said mathematical relation is calibrated on the 
basis of a measured relation between said output signal and said actual position, the laser beam 
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is very accurately positionable in the target position by the laser beam manipulator, so that 
damage of the skin around the target position by the laser beam is prevented as much as 
possible, and the target position is not missed by the laser beam. 

A particular embodiment of a hair-removing device according to the invention 
5 is characterized in that, for determining the actual position of the laser beam on the skin, the 
control unit activates the laser source at a comparatively low energy density. When the laser 
source is activated at a low energy density, the laser beam generates a spot on the skin which 
is sufficiently bright to be detected by the image sensor, but which does not damage nor 
irritate the skin. Thus, the actual position of the laser beam on the skin can be determined by 
1 0 the control member of the control unit in a safe and reliable manner, and the energy 
consumption of the laser source is considerably limited. 

The invention will be explained in more detail below with reference to the 
drawing, in which 

15 Fig. 1 diagrammatically shows a hair-removing device according to the 

invention, 

Fig. 2 is a diagrammatic cross-section of a skin to be treated adjacent a hair 
which is to be removed by means of the hair-removing device of Fig. 1, 

Fig. 3 diagrammatically shows an image of a portion of a skin under treatment 
20 which is detected by means of an image sensor of the hair-removing device of Fig. 1 , 

Fig. 4 diagrammatically shows a control unit of the hair-removing device of 

Fig. 1, 

Fig. 5a diagrammatically shows a partial region of the image of Fig. 3, 
Fig. 5b diagrammatically shows a partial region of the image of Fig. 3 in an 
25 alternative embodiment of a hair-removing device according to the invention, 

Fig. 6 shows a reflection spectrum determined by the control unit of Fig. 4 from 
the image of Fig. 3, 

Fig. 7 diagrammatically shows a control unit of a further embodiment of a hair- 
removing device according to the invention, 
30 Fig. 8 diagrammatically shows a partial region of a detected image of the skin 

under treatment generated by the control unit of Fig. 7, and 

Fig. 9 diagrammatically shows a partial region of an image of the skin under 
treatment generated by a control unit of a yet further embodiment of a hair-removing device 
according to the invention. 
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The hair-removing device 1 according to the invention diagrammatically shown 
in Fig. 1 comprises a laser source 3 and an adjustable laser beam manipulator 5 for positioning 
a laser beam 7 supplied during operation by the laser source 3 in a target position 9 on a skin 
1 1 to be treated. The hair-removing device 1 is an epilation device by means of which hairs 13 
5 present on the skin 1 1 can be removed for a comparatively long period or even permanently. If 
a hair 13 is to be epilated, the target position 9 of the laser beam 7 must be approximately in a 
position on the skin 1 1 below which a root 15 of the hair 13 is present, as is diagrammatically 
shown in Fig. 2. The laser beam 7 contains monochromatic light with a wavelength which is 
well absorbed by the hair 13 and is substantially not absorbed by tissue of the skin 1 1 . The 

1 0 result of this is that it is substantially exclusively the root 1 5 of the hair 1 3 which is strongly 
heated by the laser beam 7, so that the root 15 dies. A good optical selectivity between the 
hairs 13 and the tissue of the skin 1 1 is achieved with a wavelength between approximately 
650 nm and 1 200 nm in the case of a white skin with dark hairs. Light with such a wavelength 
is well absorbed by melanin, a pigment which occurs in a high concentration in dark hairs and 

1 5 only in a low concentration in a white skin. Light with such a wavelength is also badly 

absorbed by water, by hemoglobin, a red pigment which occurs in a high concentration in 
blood, and by keratin, a substance which occurs in a high concentration in both the outer skin 
(epidermis) and in the skin tissue which occurs at a lower depth in the skin, where the roots 1 5 
of the hairs 13 are present. A sufficient pulse duration and energy density of the laser beam 7 

20 are furthermore necessary for achieving an effective operation of the hair-removing device 1 . 
A too short pulse duration leads merely to a heating of the root 1 5 and not to a heating of the 
tissue present in the immediate vicinity of the root 15. The result is that said tissue remains 
intact, so that a new root and hair can develop. A too long pulse duration leads to an excessive 
heating of the tissue present at some distance from the root 1 5 owing to thermal conduction, 

25 which may give rise to skin irritation or even skin damage. Good results are obtained with a 
pulse duration of the laser beam 7 of between approximately 1 ms and 1 00 ms and an energy 
density of the laser beam 7 of between approximately 15 J/cm 2 and 50 J/cm 2 . 

The laser beam 7 can be accurately positioned in the target position 9 by means 
of the laser beam manipulator 5 in a manner to be described in more detail below, while the 

30 target position 9 can be accurately determined by means of an electrical control unit 17 of the 
hair-removing device 1 in a manner to be described in more detail below. As a result, the laser 
beam 7 need have only a comparatively small spot diameter for heating the root 15. Good 
results are obtained at a spot diameter of the laser beam 7 of between approximately 0.3 mm 
and 1.0 mm. This comparatively small spot diameter means that the laser source 3 need have 
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only a comparatively low output power of a few watts for achieving the required energy 
density and pulse duration of the laser beam 7. The laser source 3 used in the hair-removing 
device 1 accordingly comprises only a comparatively small and simple laser diode which is 
known per se and which is not shown in detail in Fig. 1, or a series of fiber-coupled laser 
5 diodes which are known per se and are also not shown in detail in Fig. 1 . The laser source 3 
further comprises a collimator lens system which is also not shown in Fig. 1 and by means of 
which the laser beam 7 is directed so as to be substantially parallel. 

As Fig. 1 further shows, the laser beam manipulator 5 comprises a first 
adjustable tilting mirror 19 and a second adjustable tilting mirror 21 which are both positioned 

10 at an angle of approximately 45° with respect to a contact surface 23 with which the hair- 
removing device 1 is to be laid against the skin 1 1 . The first tilting mirror 1 9 is tiltable through 
limited angles about a first tilting axis 21 extending in the plane of the first tilting mirror 19 
and parallel to the contact surface 23 by means of an actuator 25 which is depicted 
diagrammatically only in Fig. 1. The second tilting mirror 21 is tiltable through limited angles 

15 about a second tilting axis 31 lying in the plane of the second tilting mirror 21 and crossing the 
first tilting axis 27 approximately perpendicularly by means of an actuator 29 which is also 
depicted diagrammatically only in Fig. 1 . The laser beam 7 supplied by the laser source 3 
during operation is reflected by the first tilting mirror 19 and the second tilting mirror 21 
through angles of approximately 45°, so that the laser beam 7 hits the skin 1 1 under treatment 

20 substantially perpendicularly in the target position 9 through an opening 33 provided in the 

contact surface 23. It is noted that the opening 33 may be covered by means of a cover plate of 
a transparent material. The target position 9 of the laser beam 7 on the skin 1 1 is displaceable 
parallel to an X-direction, which lies in the contact surface 23 and which crosses the first 
tilting axis 27 perpendicularly, in that the first tilting mirror 19 is tilted about the first tilting 

25 axis 27 by the actuator 25. The target position 9 of the laser beam 7 on the skin 1 1 is 
displaceable parallel to a Y-direction, which also lies in the contact surface 23 and is 
perpendicular to the X-direction. in that the second tilting mirror 21 is tilted about the second 
tilting axis 3 1 by the actuator 29. 

As Fig. 1 further shows, the hair-removing device 1 comprises a separate 

30 illumination member 35 by means of which a portion of the skin 1 1 under treatment present 
below the opening 33 is illuminated during operation. The illumination member 35 may be a 
simple lamp. A light beam 37 supplied by the illumination member 35 during operation falls 
through a transparent plate 39, which also transmits the laser beam 7, onto said portion of the 
skin 11. The transparent plate 39 is positioned at an angle of approximately 45° with respect to 
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the contact surface 23 and is provided with a mirroring surface 41 at a side facing the opening 
33. A light beam 43 reflected by said portion of the skin 1 1 is reflected by the mirroring 
surface 41 through an angle of approximately 90° and focused onto an image sensor 47, a 
CCD image sensor which is known per se in the embodiment shown, by means of a lens unit 
5 45. The image sensor 47 is thus capable of detecting an image of said portion of the skin 1 1 
present below the opening 33. The use of the illumination member 35 enables the image 
sensor 47 to detect a clear image of said portion of the skin 1 1 from the light of the 
illumination member 35 reflected by the skin 1 1, so that no reflected light from the laser beam 
7 is necessary for detecting said image. This means that the laser source 3 can be fully 

1 0 switched off between the exposures of two consecutive target positions on the skin 1 1 . In 
addition, the image sensor 47 may be provided with a filter, not shown in Fig. 1, for the 
reflected light of the laser beam 7, so that the image sensor 47 is protected against damage 
which may arise as a result of the reflected light of the laser beam 7 when the laser beam 7 is 
in the target position 9 with a high energy density. 

15 As Fig. 1 shows, the image sensor 47 delivers to the control unit 1 7 an electrical 

signal u s which corresponds to the image of the portion of the skin 1 1 present below the 
opening 33 detected by the image sensor 47, said signal us comprising, for example, a series of 
8-bit grey tone values of the image sensor pixels. The detected image is shown 
diagrammatically in Fig. 3 and indicated with reference numeral 49. As Fig. 4 shows, the 

20 control unit 1 7 comprises a first processor 5 1 ? which scans the detected image 49 in a more or 
less regular manner, said processor 5 1 generating in succession a number of partial regions 53 
of the image 49 as shown in Fig. 3, in particular a more or less regular sequence of partial 
regions 53 which lie approximately on a number of lines which lie one behind the other as 
seen in the Y-direction and which extend parallel to the X-direction. The first processor 5 1 

25 supplies to a second processor 55 of the control unit 17 an electrical signal usp which 

corresponds in succession to the partial regions 53 of the image 49 successively generated by 
the first processor 51. The second processor 55 determines in each partial region 53 the 
position and the orientation on the skin 1 1 of the hair or hairs 13 present in the relevant partial 
region 53, and supplies an electrical signal upo to a third processor 57 of the control unit 17 

30 which corresponds in succession to the positions and orientations of the hairs 13 in the 

consecutive partial regions 53 of the image 49 as determined by the second processor 55. The 
third processor 57 determines in each partial region 53 one or several target positions for the 
laser beam 7 as a function of said position and orientation of the hair or hairs 13 in the relevant 
partial region 53 in a manner to be described in more detail below. The partial regions 53 have 
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dimensions which were determined on the basis of a previously determined average distance 
between the hairs 13 present on the skin 1 1 and a previously determined length of the hairs 13. 
In the embodiment shown, the dimensions of the partial regions 53 are such that the partial 
regions 53 comprise on average only a single hair 13 each. This can be achieved in practice if 
5 the user crops the hairs 13 by means of a trimmer prior to the treatment with the hair-removing 
device 1 to such a length that said previously determined length of the hairs 13 is smaller than 
said average distance between the hairs 13. Good results are achieved, for example, when the 
hairs 13 are cropped to a length of between 1 mm and 2 mm for an average distance between 
the hairs 13 of between 3 mm and 5 mm. It is noted that the first processor 5 1 generates the 

10 consecutive partial regions 53 of the image 49 preferably such that the hair 13 present in a 

partial region 53 lies approximately in a center of the relevant partial region 53. The sequence 
of consecutive partial regions 53 then obviously will not have the regularity shown in Fig. 3, 
but it is more or less regular, with the possibility, for example, of an interspacing being present 
between consecutive partial regions 53, or with consecutive partial regions 53 lying, for 

1 5 example, not exactly in one line. Since the partial regions 53 on average contain only a single 
hair 13 each, the position and the orientation of a hair 13 in a partial region 53 and the target 
positions of the laser beam 7 can be determined within a very short period of time by the 
second processor 55 of the control unit 17 and by the third processor 57 of the control unit 17, 
respectively, and a required calculation capacity of the second processor 55 and the third 

20 processor 57 can be strongly reduced. Preferably, the hair-removing device 1 further 

comprises an adjustment member, not shown in the Figures, by means of which the user of the 
hair-removing device 1 can set the dimensions of the partial regions 53. Said adjustment 
member for this purpose supplies to the first processor 5 1 an electrical signal u A which 
corresponds to the dimensions set by the user. The user can thus adapt the dimensions of the 

25 partial regions 53 to the properties of the skin to be treated, in particular to the average 

distance between the hairs on the skin and the average length of the cropped hairs, so that the 
treatment result and the treatment time can be optimized by the individual user. 

As Fig. 4 further shows, the third processor 57 supplies an electrical signal u T p 
to a fourth processor 59 of the control unit 17, which signal corresponds consecutively to the 

30 target positions of the laser beam 7 determined by the third processor 57 in the consecutive 
partial regions 53. The fourth processor 59 determines a first output signal umi and a second 
output signal um2 of the control unit 17, by means of which the control unit 17 controls the 
first tilting mirror 19 and the second tilting mirror 21 of the laser beam manipulator 5, 
respectively, as a function of the signal ujp. The output signals umi and u M 2 are determined by 
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the fourth processor 59 such that the tilting mirrors 19 and 21 are adjusted into positions which 
correspond to the target position of the laser beam 7 in the relevant partial region 53 which 
corresponds to the signal ujp each time. The fourth processor 59 also supplies a third output 
signal ul of the control unit 17 by means of which the control unit 17 controls the laser source 
5 3. The fourth processor 59 delivers the output signal ul at a predetermined moment after 
delivering the output signals u M i and umz, said predetermined moment corresponding to a 
predetermined required adjustment time of the tilting mirrors 19 and 21 . The fourth processor 
59 supplies the output signal ul with the predetermined pulse duration, so that the laser beam 7 
is active in the relevant target position for the predetermined pulse duration. 

1 0 The detected image 49 is regularly scanned by the control unit 1 7 in the manner 

described above in accordance with said sequence of consecutive partial regions 53, the laser 
beam manipulator 5 being adjusted by the control unit 1 7 into consecutive positions only 
which correspond to the target positions determined in the consecutive partial regions 53. This 
means that the laser beam manipulator 5 need be adjusted into a limited number of consecutive 

15 positions only, so that a particularly short treatment time is obtained by means of the hair- 
removing device 1. The laser beam manipulator 5, however, is adjusted in a comparatively 
irregular manner during this, so that comparatively high requirements are imposed on the 
adjustment accuracy of the laser beam manipulator 5 and on the adjustment time required for 
achieving a given adjustment accuracy. The fact that the target positions of the laser beam 7 

20 are automatically determined by the control unit 17, and the fact that the laser source 3 is 
automatically activated by the control unit 1 7 after the laser beam manipulator 5 has been 
automatically adjusted into a correct, accurate position corresponding to a given target position 
by the control unit 17. render the hair-removing device 1 according to the invention 
particularly suitable for a safe use by inexperienced persons, so that the hair-removing device 

25 1 is particularly suitable for the consumer market. The determination of the target positions of 
the laser beam 7 yet to be described in more detail below, the automatic adjustment of the 
laser beam manipulator 5, and the automatic activation of the laser source 3 take place in a 
comparatively short period of time, so that comparatively short treatment times are possible 
with the hair-removing device 1 according to the invention. 

30 The target positions of the laser beam 7 are determined within a partial region 

53 of the detected image 49 by the control unit 17 in the following manner. Fig. 5a 
diagrammatically shows a partial region 53 in which a hair 13 to be epilated is present. The 
second processor 55 of the control unit 17 determines from the signal usp a grey tone 
distribution for the relevant partial region 53, from which the position and the orientation of 
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the hair 13 on the skin 11 in the partial region 53 are determined. The second processor 55 also 
draws a distinction between a hair end 63 and a hair exit position 65 where the hair 13 issues 
from the skin 1 1 . Said distinction is made by means of predetermined grey tone characteristics 
and shape characteristics of cropped hair ends and hair exit positions which are stored in the 
5 memory of the second processor 55. The third processor 57 of the control unit 17 subsequently 
determines from the position and orientation of the hair 1 3 and the exit position 65 thus 
determined a region 67 on the skin 1 1 below which the root 15 of the hair 13 will be present 
with a predetermined degree of probability. In the embodiment shown, it is assumed in the 
determination of said region 67 that the root 15 is present at a virtual rectilinear subcutaneous 

1 0 extension distance 69 of the hair 13, i.e. extending from the detected exit position 65, while it 
is further assumed that an angle a shown in Fig. 2 between the hair 13 and the surface of the 
skin 1 1 and a length L, also shown in Fig. 2, of a portion of the hair 13 present below the 
surface of the skin 1 1 lie between certain minimum and maximum values which were 
previously statistically determined. The region 67 thus determined is elongate and extends 

1 5 along a straight line segment 71 which lies on a virtual line which coincides substantially with 
a perpendicular projection of the hair 13 on the skin 11. The third processor 57 subsequently 
determines on the line segment 71 thus determined a number, for example three, of fixed 
target positions 9, 9\ and 9" for the laser beam 7, mutually overlapping by a small portion 
each time, and the third processor 57 supplies to the fourth processor 59 a number of 

20 consecutive signals u T p which correspond to said target positions 9, 9\ and 9". As a result of 
this, the fourth processor 59 of the control unit 17 adjusts the laser beam manipulator 5 into a 
number of consecutive fixed positions which correspond to the target positions 9, 9', and 9" of 
the laser beam 7 thus determined, the fourth processor 59 activating the laser source 3 for the 
predetermined pulse duration in each of the consecutive fixed positions of the laser beam 

25 manipulator 5. 

Fig. 5b shows a partial region 53 of the detected image 49 in an alternative 
embodiment of the hair-removing device 1 according to the invention. In this alternative 
embodiment, the third processor 57 supplies to the fourth processor 59 a signal u T p which 
corresponds to a displacement of the laser beam 7 with a predetermined velocity v over said 
30 straight line segment 71, so that the fourth processor 59 adjusts the laser beam manipulator 5 
into a sequence of consecutive positions which correspond to said displacement of the laser 
beam 7. The fourth processor 59 of the control unit 17 in this alternative embodiment activates 
the laser source 3 at the start of said displacement and the fourth processor 59 switches off the 
laser source 3 at the end of said displacement. To obtain a result in this alternative 
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embodiment comparable to the result achieved by the embodiment shown in Fig. 5 a, said 
predetermined velocity v of the laser beam 7 should be approximately equal to a quotient of 
the spot diameter of the laser beam 7 and the pulse duration used in Fig. 5 a. 

In the embodiment shown in Fig. 4, the control unit 1 7 further comprises a fifth 
5 processor 73 which determines a reflection spectrum of the portion of the skin 1 1 present 
below the opening 33 from the image 49 detected by the image sensor 47, i.e. from the signal 
us, and which compares this reflection spectrum with a predetermined reference spectrum 
which is stored in a memory of the fifth processor 73 and which contains information 
characteristic of at least one frequently occurring skin deviation. Fig. 6 shows an example of 

10 such a reflection spectrum, wherein the horizontal axis represent a measured grey tone G and 
the vertical axis a number of image sensor pixels N. The reflection spectrum shown comprises 
a first, comparatively great peak A with grey tones corresponding to a white skin, a second, 
comparatively small peak B with grey tones corresponding to dark hairs, and a third peak C 
with grey tones corresponding to said skin deviation. The fifth processor 73 determines from 

1 5 said comparison the positions on the skin 1 1 where said skin deviation occurs and supplies to a 
sixth processor 75 of the control unit 1 7 an electrical signal u B p which corresponds to the 
positions on the skin 1 1 of said skin deviation thus determined. The sixth processor 75 
compares the signal ujp, which corresponds to a target position of the laser beam 7 determined 
by the third processor 57, with the positions on the skin 1 1 of said skin deviation thus 

20 determined, and supplies a signal ustop to the fourth processor 59 whenever the target position 
of the laser beam 7 coincides with one of the positions of said skin deviation on the skin 1 1 . 
When the fourth processor 59 receives the signal u S top> the laser source 3 is not activated by 
the fourth processor 59. The use of the fifth processor 73 and the sixth processor 75 prevents 
the laser beam 7 from being active in positions on the skin 1 1 where said skin deviation is 

25 present. Examples of this are moles or other pigment spots. Such skin deviations have a 

comparatively high absorption power for the light of the laser beam 7 used, so that injuries 
may arise in the case of contact of these skin deviations with the light of the laser beam 7. The 
use of the fifth processor 73 and the sixth processor 75 provides an automatic protection 
against such injuries. 

30 In the embodiment shown in Fig. 4, the fourth processor 59 determines the 

output signals u M i and um2 in accordance with a predetermined mathematical relation between 
the output signals u M i, um2 and the desired target position 9 of the laser beam 7 as determined 
by the third processor 57. Said mathematical relation is, for example, a linear function or a 
function of a higher degree comprising a number of coefficients. As a result of temperature 
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fluctuations or other factors, deviations of the target position 9 resulting from a predetermined 
value of the output signals u M i, Um2 may arise. Such deviations can lead to a reduced 
efficiency of the hair-removing device 1 and to skin irritations or damages. To reduce or avoid 
such deviations and provide a very accurate positioning of the laser beam 7 on the skin 1 1 by 
5 the mirrors 19, 21, the control unit 17 further comprises a calibration member 81 for 
calibrating said predetermined mathematical relation on the basis of a measured relation 
between the output signals u M i, um2 and an actual position of the laser beam 7 on the skin 11. 
Said calibration, for example, constitutes a re-calculation of said coefficients of the 
predetermined mathematical relation on the basis of the measured relation between the output 

1 0 signals umi, um2 and the actual position of the laser beam 7 on the skin 1 1 , and is carried out 
by the control unit 1 7, for example, each time the hair-removing device 1 is started or each 
time after a predetermined time interval. To carry out said calibration, the mirrors 19, 21 are 
consecutively positioned in a predetermined number of calibration positions. For this purpose, 
the fourth processor 59 consecutively supplies a predetermined number of output signals u M i, 

1 5 u M 2 having predetermined values. In each calibration position of the mirrors 19, 21, the actual 
position of the laser beam 7 on the skin 1 1 is determined by means of a seventh processor 83 
of the control unit 1 7, which determines said actual position from the image detected by the 
image sensor 47. For this purpose, as shown in Fig. 4 ; the seventh processor 83 recieves the 
signal u s supplied by the image sensor 47, and supplies a signal uap corresponding to the 

20 actual position of the laser beam 7 on the skin 1 1 to the calibration member 81 . After the 
determination of the actual position of the laser beam 7 in each calibration position of the 
mirrors 19, 21, the calibration member 81 supplies a signal Ucal corresponding to the re- 
calculated coefficients of the predetermined mathematical relation to the fourth processor 59. 
During said calibration process, the fourth processor 59 activates the laser source 3 at a 

25 comparatively low energy density via a suitable value of the signal u L . Said energy density is 
as low as possible, but such that the spot of the laser beam 7 on the skin 1 1 is still sufficiently 
bright to be detected by the image sensor 47. In this manner, skin irritation or damage are 
prevented during the calibration process, and the energy consumption of the laser source 3 is 
limited. It is noted, that the invention also comprises embodiments, in which the actual 

30 position of the laser beam 7 on the skin 1 1 is determined in a similar manner from the image 
detected by the image sensor 47, but in which the laser beam manipulator 5 is corrected in a 
different manner. The control unit 17 may, for example, alternatively be provided with a feed 
back control circuit comprising a comparator, which compares the actual position of the laser 
beam with the desired target position and supplies an error signal, and a PID regulator, which 
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determines the output signals u M i and Um2 on the basis of said error signal in such a manner 
that the measured actual position equals the desired target position. The invention also 
comprises embodiments, in which the actual position of the laser beam on the skin is not 
determined by means of the image sensor, but by means of a separate sensor means such as, 
5 for example, sensors which directly measure the angular positions of the mirrors 19,21. 

As Fig. 1 shows, the hair-removing device 1 according to the invention further 
comprises a handle 81 by means of which the user can place the hair-removing device 1 on the 
skin 1 1 to be treated and can displace it over the skin 1 1. As was described above, the. portion 
of the skin 1 1 present below the opening 33 only is treated. After the treatment of said portion 

1 0 of the skin 1 1 , the user should displace the hair-removing device 1 into a next position on the 
skin 1 1 . The hair-removing device 1 may be provided, for example, with an acoustic source 
which is triggered by the control unit 17 and which produces an acoustic signal the moment 
the treatment of the portion of the skin 1 1 present below the opening 33 has been completed. 
The hair-removing device 1 may alternatively be provided, for example, with electrical drive 

1 5 means controlled by the control unit 1 7 for the automatic displacement of the hair-removing 
device 1 over the skin 1 1 to be treated, instead of with such an acoustic source. 

Fig. 7 shows a control unit 17' of a further embodiment of a hair-removing 
device V according to the invention. Apart from the control device 17', the hair-removing 
device 1 ' has a composition comparable to that of the hair-removing device 1 according to the 

20 invention shown in Fig. 1 . Components of the hair-removing device 1 ' corresponding to 
components of the hair-removing device 1 described above have been given the same 
reference numerals in Fig. 7, and the description below will deal exclusively with the 
differences between the control units 17 and 17' and the resulting differences in operation 
between the hair-removing devices 1 and 1'. 

25 As Fig. 7 shows, the control unit 17' likewise comprises a first processor 51, a 

second processor 55, a third processor 57, a fourth processor 59, a fifth processor 73, and a 
sixth processor 75. The control unit 17' comprises furthermore a seventh processor 77 which 
determines the first output signal umi and the second output signal um2 by means of which the 
control unit 17' controls the first tilting mirror 19 and the second tilting mirror 21 of the laser 

30 beam manipulator 5, respectively. The control unit 17' likewise comprises a calibration 

member 81 and an eighth processor 83, which correspond with the calibration member 81 and 
the seventh processor 83 of the control unit 1 7 and which cooperate with the image sensor 47 
and the seventh processor 77 in a manner similar to the manner in which the calibration 
member 81 and the seventh processor 83 of the control unit 17 correspond with the image 
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sensor 47 and the fourth processor 59. The seventh processor 77 determines the output signals 
Umi and um2 such that the tilting mirrors 19 and 21 are adjustable into a sequence of 
consecutive positions which correspond to a regular sequence of virtual positions of the laser 
beam 7 on the portion of the skin 1 1 below the opening 33, in particular with a displacement 
5 of the virtual position of the laser beam 7 with a predetermined velocity v' in accordance with 
a number of lines extending parallel to the X-direction and following one another as seen in 
the Y-direction. As Fig. 7 shows, the seventh processor 77 here supplies to the first processor 
5 1 an electrical signal uip which corresponds to the instantaneous virtual position IP of the 
laser beam 7. The first processor 51 generates from the signals us and un> a partial region 53' 

1 0 of the image 49 which is diagrammatically shown in Fig. 8 and which has dimensions 

determined by a previously determined average distance between the hairs 13 present on the 
skin 1 1 and a previously determined length of the hairs 13. The dimensions of the partial 
region 53' can be set by the user by means of an adjustment member which is not shown and 
which supplies to the first processor 51 an electrical signal u A which corresponds to the 

1 5 dimensions of the partial region 53 ' as set by the user. The first processor 5 1 generates the 
partial region 53' such that a reference position R in the partial region 53' shown in Fig. 8, in 
particular a central position of the partial region 53', corresponds continually to the 
instantaneous virtual position IP of the laser beam 7. The partial region 53' thus follows the 
rectilinear displacement of the instantaneous virtual position IP of the laser beam 7 over the 

20 image 49. Fig. 8 also shows a number of lines 79 along which the instantaneous virtual 

position IP of the laser beam 7 is displaced over the image 49. The first processor 51 supplies 
to the second processor 55 an electrical signal usp which corresponds to the partial region 53% 
and the second processor 55 determines from the signal usp the position and the orientation in 
the partial region 53' of the hair 13 present in the partial region 53'. The second processor 55 

25 supplies to the third processor 57 an electrical signal upo which corresponds to the position 
and the orientation of the hair 1 3 in the partial region 53 5 as determined by the second 
processor 55, and the third processor 57 determines from the signal Upo the target positions 9, 
9\ and 9" of the laser beam 7 in the partial region 53'. The third processor 57 supplies to the 
fourth processor 59 an electrical signal u T p which corresponds to the target positions 9, 9\ and 

30 9" of the laser beam 7 as determined by the third processor 57. The fourth processor 59 

compares the instantaneous virtual position IP of the laser beam 7 with the target positions 9, 
9\ and 9" of the laser beam 7 and activates the laser source 3 by means of the output signal u L 
during the previously determined pulse duration whenever the instantaneous virtual position IP 
of the laser beam 7 corresponds to one of the target positions 9, 9', or 9" of the laser beam 7 in 
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the partial region 53'. The fifth processor 73 and the sixth processor 75 in the control unit 17' 
have functions comparable to those of the fifth processor 73 and the sixth processor 75 in the 
control unit 17. 

An advantage of the hair-removing device 1 ' with the control unit 1 7' is that the 
5 laser beam manipulator 5 is continually adjusted by the control unit 17' in a regular manner, so 
that the laser beam manipulator 5 need not have an exceptionally high adjustment accuracy 
and an exceptionally short adjustment time. The portion of the skin 1 1 present below the 
opening 33 is scanned by the laser beam manipulator 5 in a regular manner, and the partial 
region 53' of the image 49 generated by the control unit 17' follows the virtual position IP of 

1 0 the laser beam 7 on said portion of the skin 1 1 , the target positions 9, 9', and 9" of the laser 
beam 7 changing continually with respect to the reference point R of the partial region 53'. 
Good results are obtained in this further embodiment of the hair-removing device 1 ' when an 
interspacing is present between the consecutive lines 79 in the image 49 which is equal to or is 
preferably smaller than the spot diameter of the laser beam 7. However, scanning of all lines 

1 5 79 present in the image 49 by the laser beam manipulator 5 takes longer than the direct 
displacement of the laser beam manipulator 5 into the consecutive target positions in the 
image 49 as in the hair-removing device 1, so that the hair-removing device 1 ' will have a 
longer treatment time than the hair-removing device 1 in most cases. 

The hair-removing devices 1 and 1 ' described above are epilation devices by 

20 means of which hairs 13 are removed from the skin 1 1 for a comparatively long period or even 
permanently. A yet further embodiment of a hair-removing device 1" according to the 
invention operates as a shaver. The hair-removing device 1 " has a construction which is 
largely identical to the construction of the hair-removing device 1 shown in Fig. 1. The hair- 
removing device 1 " differs from the hair-removing device 1 in that the hair-removing device 

25 1" determines the target position 9 of the laser beam 7 on the skin 1 1 in a different manner. 
Fig. 9 diagrammatically shows a partial region 53" of the image 49 of the skin 1 1 under 
treatment which is detected by means of the image sensor 47 of the hair-removing device 1". 
The third processor 57 of the control unit 17 of the hair-removing device 1" determines the 
target position 9 of the laser beam 7 such that this target position 9 lies on the hair 13 to be 

30 removed adjacent the exit position 65 of the hair 13 determined by the second processor 55. 

The hair 13 is thus burnt through by the laser beam 7 adjacent the exit position 65. The control 
unit 1 7 of the hair-removing device 1 " can be so programmed that the target position 7 lies 
flush with or even below the surface of the skin 1 L so that a very smooth shaving result is 
achieved with the hair-removing device 1 ", which is maintained for a comparatively long 
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period. The hair-removing device 1" may be further provided with an adjustment member by 
means of which the user can adjust the location of the target position 9 relative to the surface 
of the skin 1 1, thus adjusting a desired smoothness. It was found that the burning-through of 
hairs 1 3 by means of the laser beam 7 is possible at an energy density of the laser beam 7 
5 which is considerably smaller than the energy density necessary for the epilation of the hairs 
13 as described above. The hair-removing device 1" may thus be provided with a 
comparatively small and inexpensive laser diode with a power of, for example, between 1 00 
mW and 500 mW. 

It is noted that the invention also covers a hair-removing device in which the 

1 0 epilation function and the shaving function as described above are combined, in which case 
the user can select the desired mode of operation, for example by means of an adjustment 
member. Preferably, the energy density of the laser source is also controllable by means of the 
control unit of such a hair-removing device, so that the energy density of the laser source can 
be adapted to the desired mode of operation of the hair-removing device. If the hair-removing 

15 device has an epilation function or has been set as an epilation device by the user, the hair- 
removing device may also be provided, for example, with an automatic shaving function. If 
the hair-removing device has exclusively an epilation function, in which case exclusively the 
roots 1 5 of the hairs 1 3 are destroyed, the hairs 1 3 will not disappear from the skin 1 1 until 
after some time, so that the desired result is not achieved immediately. If the epilation function 

20 of the hair-removing device is automatically combined with a shaving function, it is not only 
the roots 15 of the hairs 13 which are destroyed, but the hairs 13 are also burnt through 
adjacent the surface of the skin 1 1, so that the hairs 13 are immediately removed from the skin 
1 1 and the desired result is achieved instantaneously. 

It is further noted that a hair-removing device according to the invention may be 

25 provided with a different type of laser beam manipulator instead of the laser beam manipulator 
5 having the two tilting mirrors 19 and 21 as described above. Thus, for example, the two 
tilting mirrors 1 9 and 21 may be replaced by a single tilting mirror which is tiltable about two 
mutually perpendicular tilting axes. Instead of a laser beam manipulator with one or more than 
one tilting mirror, for example, a laser beam manipulator may alternatively be used which is 

30 provided with an object holder which is displaceable in two mutually perpendicular directions, 
in which case the laser source and the image sensor are fastened to said object holder in fixed 
positions. 

It is further noted that the invention also covers embodiments of the hair- 
removing device in which a type of image sensor is used different from the image sensor 47 
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with CCD as described above. An example of such an image sensor is a CMOS image sensor. 
Such a CMOS image sensor may be provided with a RAM memory, so that part of the control 
unit or even the entire control unit of the hair-removing device can be integrated with the 
CMOS image sensor. The construction and manufacture of the hair-removing device are 
5 considerably simplified in this manner. 

In the embodiments of the hair-removing device according to the invention 
described above, the control unit determines the target position of the laser beam each time in 
a partial region of the image of the skin detected by means of the image sensor. It is noted that 
the invention also relates to embodiments in which the control unit determines the target 

1 0 positions of the laser beam once and for all in the entire image of the skin detected by the 

image sensor. Such embodiments, however, require a control unit with a comparatively great 
calculation capacity and memory capacity. 

It is finally noted that the invention also relates to embodiments of the hair- 
removing device in which the positions of the hairs on the skin under treatment are not 

1 5 detected by means of reflected light of a separate illumination member, such as the 

illumination member 35 described above, but in which the positions of the hairs are detected 
by means of reflected light from the laser beam. The skin to be treated is scanned by means of 
the laser beam in such embodiments, during which the laser beam has a comparatively low 
energy density, which energy density of the laser beam is temporarily raised in the target 

20 position. The reflected light of the laser beam may be detected in such embodiments, for 

example, by means of a simple photodetector which detects only the intensity of the reflected 
light of the laser beam. The expression "image sensor for detecting an image of at least a 
portion of the skin" in the claims therefore also relates to such a comparatively simple 
photodetector. Such a method of detection may be used in a comparatively simple manner in 

25 the hair-removing device 1 ' described with reference to Fig. 7, but it may also be used in, for 
example, a hair-removing device provided with a laser beam manipulator with a displaceable 
object holder as described above. 
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1 . A hair-removing device provided with a laser source, an adjustable laser beam 
manipulator for positioning a laser beam supplied by the laser source during operation in a 
target position on a skin to be treated, and an image sensor for detecting an image of at least a 
portion of the skin, characterized in that the laser source is controllable by means of an 

5 electrical control unit, which control unit during operation determines the target position of the 
laser beam as a function of a position and/or orientation on the skin of a hair to be removed as 
determined from the image by the control unit, and which control unit activates the laser 
source the moment the laser beam manipulator is in a position which corresponds to the target 
position of the laser beam. 

10 

2. A hair-removing device as claimed in claim 1, characterized in that the control 
unit determines the target position of the laser beam in a partial region of the image having 
dimensions which are determined by a previously determined average distance between hairs 
present on the skin and a previously determined length of the hairs. 

15 

3 . A hair-removing device as claimed in claim 2, characterized in that the 
dimensions of the partial region of the image are adjustable. 

4. A hair-removing device as claimed in claim 2, characterized in that the laser 
20 beam manipulator is adjustable by means of the control unit into a sequence of consecutive 

positions which correspond to a regular sequence of virtual positions of the laser beam on said 
portion of the skin, a reference position in the partial region of the image corresponding to the 
instantaneous virtual position of the laser beam, and the control unit activating the laser source 
when the reference position corresponds to the target position of the laser beam. 

25 

5. A hair-removing device as claimed in claim 2, characterized in that the control 
unit determines the target position of the laser beam in a regular sequence of consecutive 
partial regions of the image, the laser beam manipulator being adjustable by means of the 
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control unit in each of said partial regions into a position which corresponds to the target 
position of the laser beam in the relevant partial region. 

6. A hair-removing device as claimed in claim 1, characterized in that the control 

5 unit determines from the position and orientation on the skin of the hair to be removed, as 

determined from the image, a region on the skin below which a root of the hair will be present 
with a predetermined degree of probability, the control unit determining at least one target 
position on the skin in said region. 

10 7. A hair-removing device as claimed in claims 5 and 6, characterized in that the 

laser beam manipulator is adjustable by means of the control unit into a sequence of 
consecutive positions which correspond to a displacement of the laser beam over a rectilinear 
path on the skin with a predetermined velocity, said rectilinear path lying on a virtual straight 
line which coincides substantially with a perpendicular projection of the hair to be removed on 

1 5 the skin, the control unit activating the laser source at the start of said displacement. 

8. A hair-removing device as claimed in claims 5 and 6, characterized in that the 

laser beam manipulator is adjustable by means of the control unit into a number of consecutive 
fixed positions corresponding to a number of fixed target positions of the laser beam on a 
20 rectilinear path on the skin, which rectilinear path lies on a virtual straight line which 

coincides substantially with a perpendicular projection of the hair to be removed on the skin, 
the control unit activating the laser source in each of said fixed positions of the laser beam 
manipulator during a predetermined time. 

25 9. A hair-removing device as claimed in claim 1, characterized in that the control 

unit determines an exit position on the hair, where the hair issues from the skin, from the 
position and orientation on the skin of the hair to be removed as determined from the image, 
the control unit equalizing the target position of the laser beam with a position on the hair 
adjacent said exit position. 

30 

10. A hair-removing device as claimed in claim 1, characterized in that the hair- 

removing device comprises a separate illumination member for illuminating at least the 
portion of the skin which is to be detected by the image sensor. 
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11- A hair-removing device as claimed in claim 1, characterized in that the control 

unit determines from the image a reflection spectrum of the skin portion detected by the image 
sensor, the control unit comparing the reflection spectrum with a predetermined reference 
spectrum of at least one frequently occurring skin deviation, while the control unit determines 
5 from said comparison positions on the skin in which said skin deviation is present and does 
not activate the laser source in said positions on the skin. 

12. A hair-removing device as claimed in claim 1, characterized in that the control 
unit comprises means for determining an actual position of the laser beam on the skin from the 

1 0 image detected by the image sensor. 

13. A hair-removing device as claimed in claim 12, characterized in that the laser 
beam manipulator is adjustable by means of the control unit via an output signal of the control 
unit in accordance with a predetermined mathematical relation between said output signal and 

1 5 the target position, the control unit comprising a calibration member for calibrating said 

predetermined mathematical relation on the basis of a measured relation between said output 
signal and the actual position of the laser beam on the skin. 

14. A hair-removing device as claimed in claim 12, characterized in that, for 
20 determining the actual position of the laser beam on the skin, the control unit activates the 

laser source at a comparatively low energy density. 
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PHOTOTHERAPY METHOD FOR TREATMENT OF ACNE 



BACKGROUND OF THE INVENTION 

Acne is one of the most frequently presented dermatologic conditions. To date 
there is no single widely accepted treatment modality although a number of approaches 
exist. These approaches include topical or systemic antibiotics, benzoyl peroxide gels, 
oral 13-cis-retinoic acid, or hormones. Acne lesions (comedones) are the result of a 
complex interaction between hormones (androgens) and bacteria (Propionibacterium 
acnes) in the pilosebaceous unit. Acne results when the opening of the sebaceous 
glands is occluded, resulting in accumulation of sebum and fatty acids produced by the 
bacteria through lipase breakdown of lipids. The increase in sebum results in 
enlargement of the glands which in turn leads to inflammation and eventually to rupture 
of the glandular envelop. Release of the gland contents into the dermis produces 
changes in the structural matrix and may result in scarring. While acne is not a life 
threatening condition, it frequently produces discomfort, and can be disfiguring to a 
subject due to scarring. 

Exposure of the skin to ultraviolet radiation has been reported to result in 
enlargement of the sebaceous glands. This has been found in photoaging studies in 
hairless mice. It is also known that sun exposure results in amelioration of acne. The 
response to sunlight may be either due to photodynamic activity (PDT) of 
coproporhyrin produced by the bacteria, Propionibacterium acnes, or due to an effect 
of the sunlight to the cell differentiation and proliferation. The PDT effect would lead 
to destruction of the bacteria which in turn would lead to improvement of acne. In this 
case, short wavelength visible radiation (405-410 nm) should be equally effective in 
improving acne. However, there is substantial evidence that both light and antibiotics 
reduce the fluorescence produced by coproporphyria the loss of which is not always 
related to amelioration of the acne condition. 

SUMMARY OF THE INVENTION 

The present invention is directed to methods for treating acne. The methods 
include exposing the subject afflicted with acne to ultraviolet light having a wavelength 
between about 320 to about 350 nm, such that the acne is treated, e.g., inhibited, 
diminished, eradicated or prevented. In a preferred embodiment, the wavelength is 335 
nm and is emitted by a nitrogen laser, a third harmonic of a NdYAG laser, a tunable 
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OPO laser (Optical Parametric Oscillator), or a properly filtered mercury lamp or 
continuous wave lamp. Treatments can be administered over a several week period, 
where the subject is exposed to sequential doses of ultraviolet light to obtain beneficial 
effects, e.g., a reduction or elimination of the acne, e.g., eradication or diminishment 
of the bacteria responsible for acne, e.g., Propionibacterium acnes. 

The present invention is also directed to methods for preventing acne. The 
methods include exposing the subject afflicted with acne to ultraviolet light having a 
wavelength between about 320 nm to about 350 nm, such that acne is prevented. In 
one embodiment, ultraviolet wavelengths useful in the invention are between about 325 
nm to about 345 nm, preferably between about 330 to about 340 nm, more preferably 
between about 332 and about 337 nm, and most preferred at 335 nm. 

The present invention is also directed to methods for reducing the amount or 
size of sebaceous glands in a subject. The methods include exposing the subject to 
ultraviolet light having a wavelength between about 320 and 350 nm, such that the 
amount or size of sebaceous glands in the subject are reduced. 

The present invention is further directed to methods for treating disease states or 
conditions which cause or are associated with the generation of excess of sebum in 
sebaceous glands. The invention is also directed to methods for treating disease states 
or conditions which cause or are associated with the occlusion of sebaceous glands with 
accumulation of sebum and fatty acids produced by bacteria through lipase breakdown 
of lipids. These methods include exposing the subject to ultraviolet light having a 
wavelength between about 320 and 350 nm, such that the buildup of sebum and/or 
lipids in the sebaceous glands of the pilosebaceous units of the subject are reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more fully understood from the following detailed 
description taken in conjunction with the accompanying drawings, in which: 

Fig. 1 is a histological section of hairless mouse skin exposed to 335 nm narrow 
band radiation. Note the absence of sebaceous glands in the exposed site (right), as 
opposed to the unexposed site (left). 

Fig. 2. includes images of the superficial dermis of hairless mouse skin 
obtained in vivo with an infrared (1.06 ^m) Laser Scanning Confocal Microscope. 
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Four control images corresponding to adjacent skin sites of unexposed hairless mouse 
skin at a depth of approximately 100 /xm, with the sebaceous glands appearing at this 
depth as large ellipsoidal bodies (left panel), and four adjacent skin sites that received 
nine (9) exposures of 335 nm narrow band radiation at 7 J/cm 2 per exposure which 
corresponds to 0.25 of a minimum erythema dose (MED) at this wavelength (right 
panel). (Unstained sections, 30 x magnification, 0.9 NA in water, 250 x 250 fx field of 
view). 

Fig. 3 is an action spectrum for changes in the native fluorescence of skin 
excited at 335 nm. This fluorescence has been found to be associated with pepsin 
digestible collagen cross links. The results presented are from hairless mouse skin 
(n=8) and each animal was exposed (single exposure) on different skin sites on its back 
at 7 J/cm 2 for each wavelength. Illumination was provided by a tunable OPO laser 
(Optical Parametric Oscillator). 

DETAILED DESCRIPTION OF THE INVENTION 

The features and other details of the invention will now be more particularly 
described and pointed out in the claims. It will be understood that the particular 
embodiments of the invention are shown by way of illustration and not as limitations of 
the invention. The principle features of this invention can be employed in various 
embodiments without departing from the scope of the invention. 

In one aspect, the present invention is directed to methods for treating acne. 
The methods include exposing the subject afflicted with acne to ultraviolet light having 
a wavelength between about 320 to about 350 nm, such that the acne is treated, e.g., 
inhibited, diminished, eradicated or prevented. In a preferred embodiment, the 
wavelength is 335 nm and is emitted by a nitrogen laser, a third harmonic of a NdYAG 
laser, a tunable OPO laser (Optical Parametric Oscillator), or a properly filtered 
mercury lamp or continuous wave lamp. Treatments can be administered over a several 
week period, where the subject is exposed to sequential doses of ultraviolet light to 
obtain beneficial effects, e.g., a reduction or elimination of the acne, e.g., eradication 
or diminishment of the bacteria responsible for acne, e.g., Propionibacterium acnes. 

The terms "treating" or "treatment" are intended to include eradication of, 
inhibition of, prevention of and/or diminishment of disease states or conditions 
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associated with pore blockage by sebum or lipids produced by the sebaceous glands. In 
a preferred embodiment, the occurrence of acne, measured by reduction of blackheads, 
whiteheads and/or the amount of sebaceous glands or size of sebaceous glands in a 
subject, is diminished, preferably by at least 30%, more preferably by at least 50%, 
5 even more preferably by at least 90% , and most preferably by at least 99% . 

Preferably, the occurrence of acne or a related condition is eliminated from the subject. 

The term "subject" is intended to include living organisms susceptible to 
conditions or diseases caused or contributed to by overstimulation or production of 
sebum from sebaceous glands. Examples of subjects include humans, dogs, cats, cows, 

10 goats, and mice. The term subject is further intended to include transgenic species. 

The term "acne" is art recognized and is intended to include acne vulgaris and 
acne rosacea. The term encompasses the condition(s) associated with the complex 
interactions between hormones and bacteria in the pilosebaceous unit which often result 
in comedones. Acne vulgaris is the most common skin disease seen in dermatologic 

15 practice which affects millions of people in the United States. Abnormal keratin 

production with obstruction of the follicular opening, increased production of sebum 
(lipids secreted by the androgen-sensitive sebaceous glands), proliferation of 
Propionibacterium acnes (anerobic follicular diphtheroids), follicular rupture and 
follicular mites (demodex) are commonly associated with acne. 

20 In acne vulgaris, rupture of a follicle is the event which stimulates inflammation 

to form a "pimple," including accumulation of pus to form a "whitehead." 
"Blackheads" (an open comedo) consist of a plugged sebaceous follicle which contains 
melanin or melanin-oxidized substances which absorb light. 

There is no doubt that acne is related to the presence of hyperactive sebaceous 

25 glands, no matter what the cause. Therefore, a method which results in diminution of 
sebaceous gland activity, might be a first necessary step in the development of 
successful treatment for acne. The present invention is directed to diminishing 
sebaceous gland activity and/or reduction or destruction of the sebaceous gland. 
In another aspect, the present invention is also directed to methods for 

30 preventing acne. The methods include exposing the subject afflicted with acne to 

ultraviolet light having a wavelength between about 320 nm to about 350 nm, such that 
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acne is prevented. Therefore, the methods of the invention can be used 
prophylactically to reduce or eliminate the possibility of having follicle openings 
plugged with sebum, dirt and/or lipids. 

In one embodiment, ultraviolet wavelengths useful in the invention are between 

5 about 320 nm to about 360 nm, between about 325 nm to about 345 nm, preferably 

between about 330 to about 340 nm, more preferably between about 332 and about 337 
nm, and most preferred at 335 nm. 

In yet another aspect, the present invention is also directed to methods for 
reducing the amount or size of sebaceous glands in a subject. The methods include 

10 exposing the subject to ultraviolet light having a wavelength between about 320 and 350 
nm, such that the amount or size of sebaceous glands in the subject are reduced. The 
reduction of sebaceous glands in either size or number can be transitory, lasting several 
days to several weeks, or, more preferably, can be permanent. 

The term "sebaceous gland" is art recognized and is a component of the 

15 pilosebaceous unit. Sebaceous glands are located throughout the body, especially on 
the face and upper trunk, and produce sebum, a lipid-rich secretion that coats the hair 
and the epidermal surface. Sebaceous glands are involved in the pathogenesis of 
several diseases, the most frequent one being acne vulgaris. Acne is a multi factorial 
disease characterized by the occlusion of follicles by plugs made out of abnormally shed 

20 keratinocytes of the infundibulum (upper portion of the hair follicle) in the setting of 

excess sebum production by hyperactive sebaceous glands. An advantage of the present 
invention is that the treatment can permanently alter the sebaceous gland, e.g., 
eliminate or reduce the number or size or sebaceous glands, rendering the sebaceous 
gland no longer susceptible to pore pluggage without the side effects of topical or oral 

25 drugs. 

In still another aspect, the present invention is further directed to methods for 
treating disease states or conditions which cause or are associated with the generation of 
excess of sebum in sebaceous glands. The invention is also directed to methods for 
treating disease states or conditions which cause or are associated with the occlusion of 
30 sebaceous glands with accumulation of sebum and fatty acids produced by bacteria 
through lipase breakdown of lipids. These methods include exposing the subject to 
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ultraviolet light having a wavelength between about 320 and 360 nm, such that the 
buildup of sebum and/or lipids in the sebaceous glands of the pilosebaceous units of the 
subject are reduced. 

The phrase "disease state or condition" is intended to include those sebaceous 

5 gland disorders which can be treated by a narrow range of ultraviolet light, e.g., 

between about 320 and 360, between about 320 and about 350 nm, preferably between 
about 325 nm and about 345 nm, more preferably between about 330 nm and about 340 
nm, even more preferably between about 332 nm and about 337 nm, and most 
preferably about 335 nm. Examples of disease states or conditions which can be treated 

10 by the methods of the invention include sebaceous gland hyperplasia, acne vulgaris and 
acne rosacea. Of particular importance is the treatment of acne by the methods of the 
invention. 

Typically the treatment of the subject with ultraviolet light at the preferred 
wavelengths of the invention is conducted such that the ultraviolet light has a fluence of 

15 between about 1 J/cm 2 and about 5 J/cm 2 , preferably about 5 J/cm 2 . In one 

embodiment, the treatment is performed between about 0.1 and about 0.5 of the 
minimum erythema dosage level. Typical fluence rates, for lasers, are between about 5 
and 25 millijoules/pulse, more preferably between about 7 and 20 millijoules/pulse, 
even more preferably between about 10 and 15 millijoules/pulse, and most preferably 

20 about 10 millijoules per pulse at about a 10 nanosecond duration, thereby producing 
approximately between about 2 and about 2 megawatts. Typical fluence rates in non- 
laser applications are between about 2 and 50 milliwatts/cm 2 . 

In general the methods of the invention are performed over a period of time, 
usually several weeks, where a treatment is undertaken on a daily, every second or 

25 third day, or weekly basis. Ideally, a subject would undergo treatments 3 to 4 times a 
week for 3 to 4 weeks, with a individual exposures of about 5 J/cm 2 of the preferred 
ultraviolet wavelengths of the invention. 

One skilled in the art would be able to choose an energy source which would 
produce a narrow ultraviolet wavelength between about 320 and about 350 nm, between 

30 about 325 and about 345 nm, between about 330 and about 340 nm, between about 332 
and about 337 nm and specifically 335 nm. Such energy sources include fluorescent 
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lamps with an internal fluorescent coating that emits only in these particular 
wavelengths, nitrogen lasers, the third harmonic of NdYAG lasers, or a dye laser 
whose output is scanned over the area of the skin which requires treatment. The device 
can be in the shape of a flat panel for chest or back exposure, or it can have the shape 

5 of a semicircle for exposing the face. 

Sunlight is composed of a broad spectrum of energy wavelengths, including 
ultraviolet light referred to as UVA and UVB. Although it is generally believed that 
sunlight generally ameliorates acne, several studies have actually shown that sunlight 
can increase the occurrence of acne or aggravate the condition. Gfesser and Worret 

10 {Int. J. Derm. 35, 116 (1996)) studied the effects of sun light and seasonal changes on 
acne. They concluded that exposure to sun light may have beneficial psychological 
effects but did not find that sunlight, in general, eliminated acne and, in certain 
individuals, increased outbreaks of acne. Similarly, Mills et al. {Brit. J. Derm. 98, 145 
(1978) found that treatment of individuals with ultraviolet light between 280 and 320 

15 nm actually caused acne to worsen and increased the creation of comedones. 
Sigurdsson et al. {Dermatology 194, 256 (1997)) studied the effects of "full 
spectrunTlight treatment on acne vulgaris above 360 nm and concluded that visible 
light was a moderately effective treatment for acne. Therefore, it was surprising to 
unexpectedly find that a narrow band of ultraviolet light would have beneficial effects 

20 on the treatment of skin disorders such as acne. 

It has been unexpectedly discovered that certain wavelengths of ultraviolet light, 
e.g., between about 320 to about 350 nm, are capable of producing biological effects in 
a wavelength specific way. The changes are produced in a fashion similar to selective 
photothermolysis, i.e., there appears to be a target organelle or appendix within the 

25 skin for each wavelength. In particular, it was discovered that multiple exposures to 
335 nm light result in significant decrease in the frequency of appearance of sebaceous 
glands, e.g., in the skin of hairless mice. These wavelength specific biological changes 
can vary depending on whether continuous light (cw) or a pulsed laser is used. 

The present invention is directed to accomplishing these goals by manipulating 

30 radiation at the wavelengths where fluorophores present in skin absorb. Selection of 
the appropriate energy, e.g., ultraviolet wavelength, produces a biological response, in 
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addition to producing changes in the native fluorescence of the skin. In particular, 
exposure of hairless mice skin to multiple suberythemogenic doses of 335 nm t±10 
nm) produces significant reduction in the frequency of appearance of sebaceous glands 
as well as subtle changes in the collagen matrix. The reduction of the sebaceous gland 

5 density has been confirmed with routine histology as well as in vivo by laser scanning 
confocal microscopy (Figs. 1 and 2). 

Previous studies have shown that 335 nm radiation is effective in reducing the 
native fluorescence of hairless mouse skin as well as the fluorescence of human skin. 
The fluence necessary to produce a twofold decrease is of the order of 1 J/cm 2 . 

10 Unexpectedly, it was discussed that treatment of skin with exposure to ultraviolet light 
between the range of about 320 nm to about 350 nm, preferably between about 325 nm 
to about 345 nm, most preferably at 335 nm, reduced sebaceous gland activity and 
rendered and/or destroyed the sebaceous unit. For example, assuming a typical solar 
UVA radiation fluence rate of 4 mW/cm 2 (summer, no direct sun exposure), there is 

15 approximately 1 J/cm 2 of solar UVA corresponding to a 5 minute exposure. Changes 
in fluorescence are produced in a wavelength specific way i.e., the changes produced at 
335 nm are produced with 5 times smaller dose than those at 360 nm (Fig. 3). 

The mechanism of action for the depletion of sebaceous glands is not well 
understood because there is not a well characterized absorber in the pilosebaceous unit 

20 that absorbs light in this wavelength range. It is considered that a reduction in the 

number or size of sebaceous units in the hairless mouse would correspond to a similar 
response in the case of human skin. One consideration is that human skin is thicker 
with sebaceous glands located further in, which means that they would receive a 
reduced fluence rate, assuming that the same chromophores are present in both species. 

25 However, results on hairless mice indicate the applicability to human skin and the 
treatment of acne. 

Both a continuous wave source as well as an optical parametric oscillator (OPO 
laser) have been utilized to treat skin. The skin response to the two light sources using 
similar fluences and fluence rates were different. The laser source (with 10 ns pulses) 
30 produced a greater level of inflammatory infiltrate without a clinical erythema response. 



-8- 



WO 00/64537 



PCT/US00/11248 



It is considered that the laser is as effective in reducing the frequency of appearance of 
sebaceous glands at substantially reduced fluences. 

The experiments presented below investigate the details of the interaction of 335 
nm radiation on the sebaceous glands of the hairless mouse demonstrate a precise dose 
5 response for the laser versus the cw narrow band source, and show the effect of 335 nm 
radiation on human skin in vivo. 
Experimental Methods 

1. Dose Dependent Animal Studies. The dose dependence of the reduction in 
sebaceous glands was tested on 12 mice (rhino mouse model). Sites on the back 
of each animal were tattooed and then received daily exposures at 0.05, 0.1, 
0.2, 0.4, 0.8 MED of 335 nm radiation. The animals were exposed on one side 
of their back to cw radiation and on the other side with short pulse laser 
radiation (10 ns). The animals were followed up daily by confocal microscopy 
in vivo and biopsies were taken at time points after changes in the number of 
sebaceous glands were documented by confocal microscopy. Exposures were 
continued for up to 4 weeks on the sites that experienced no adverse effects 
(erythema, edema, scaling). Biopsies were taken from selected sites at the end 
of one month of exposures and the rest of the animals were followed up weekly 
at first and biweekly thereafter for up to 2 months to determine the rate of 
recovery. Frozen sections were obtained from the biopsied sites for 
autofluorescence microscopy analysis. 

2. Dose Dependence Human Studies. Skin sites (2.5 cm in diameter) of the upper 
25 back of 12 normal human volunteers with mild to moderate acne will be exposed 

to 0.1, 0.25 and 0.5 of an MED (minimum erythema dose) of 335 nm radiation, 
three times a week. The MED will be first determined for each volunteer. 
Confocal microscopy images will be obtained from control and exposed sites on 
a weekly basis. At the end of the treatment period 3 nm biopsies will be taken 
30 from treated and control sites. Histological staining will include H&E as well as 

colloidal iron for evaluating changes induced to the structural matrix. The 
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exposed sites will be followed up for up to 2 months to evaluate recovery of the 
sebaceous glands. 

3. Chromophore Identification. Skin from hairless mice and from humans will 
be obtained for fluorescence microscopy. Frozen and fresh sections will be 
prepared and fluorescence spectroscopy will be performed on the frozen and the 
fresh sections to identify the regions of the dermis where the 335 nm 
fluorescence originates from. High power pulsed laser radiation at 335 nm will 
then be used to determine whether the tissue site that absorbs at 335 nm, in 
order to produce fluorescence is also altered by the laser pulse or whether there 
are other organelles that are susceptible as well. 

One of ordinary skill in the art will appreciate further features and advantages of 
the invention based on the above-described embodiments. Accordingly, the invention is 
not to be limited by what has been particularly shown and described, except as 
indicated by the appended claims. All publications and references cited herein, 
including those in the background, are expressly incorporated herein by reference in 
their entirety. 

What is claimed is: 
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1. A method for treating acne, comprising exposing a subject afflicted with 
acne to ultraviolet light having a wavelength between about 320 to about 360 nm, such 
that said acne is treated. 

5 2. The method of claim 1, wherein said wavelength is between about 325 to 

about 345 nm. 

3. The method of claim 1, wherein said wavelength is between about 330 to 
about 340 nm. 

10 

4. The method of claim 1, wherein said wavelength is between 332 and 337 

nm. 

5. The method of claim 1, wherein said wavelength is about 335 nm. 

15 

6. The method of claim 1, wherein said ultraviolet light is produced by a 
nitrogen laser. 

7. The method of claim 1, wherein said ultraviolet light is produced by a 
20 third harmonic of a NdYAG laser. 

8. A method of claim 1, wherein said ultraviolet light has a fluence of 
between about 1 J/cm 2 and about 5 J/cm 2 . 

25 9. The method of claim 1, wherein said treatment is performed at between 

about 0. 1 to about 0.5 minimum erythema dose. 

10. The method of claim 1, wherein said treatment is conducted over 
multiple exposure periods. 

30 
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11. A method for preventing acne, comprising exposing a subject afflicted 
with acne to ultraviolet light having a wavelength between about 320 nm to about 360 
nm, such that acne is prevented. 

5 12. The method of claim 11, wherein said wavelength is between about 325 

to about 345 nm. 

13. The method of claim 11, wherein said wavelength is between about 330 
to about 340 nm. 

10 

14. The method of claim 11, wherein said wavelength is between 332 and 
337 nm. 

15. The method of claim 11, wherein said wavelength is about 335 nm. 

15 

16. The method of claim 11, wherein said ultraviolet light is produced by a 
nitrogen laser. 

17. The method of claim 11, wherein said ultraviolet light is produced by a 
20 third harmonic of a NdYAG laser. 

18. A method of claim 11, wherein said ultraviolet light has a fluence of 
between about 1 J/cm 2 and about 5 J/cm 2 . 

25 19. The method of claim 21, wherein said treatment is performed at between 

about 0. 1 to about 0.5 minimum erythema dose. 

20. The method of claim 21, wherein said treatment is conducted over 
multiple exposure periods. 

30 
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21. A method for reducing the amount or size of sebaceous glands in a 
subject, comprising exposing a subject to ultraviolet light having a wavelength between 
about 320 and 360 nm, such that the amount or size of sebaceous glands in said subject 
are reduced. 

5 

22. The method of claim 21, wherein said wavelength is between about 325 
to about 345 nm. 

23. The method of claim 21, wherein said wavelength is between about 330 
10 to about 340 nm. 

24. The method of claim 21 , wherein said wavelength is between 332 and 
337 nm. 

15 25. The method of claim 21, wherein said wavelength is about 335 nm. 

26. The method of claim 21, wherein said ultraviolet light is produced by a 
nitrogen laser. 

20 27. The method of claim 21 , wherein said ultraviolet light is produced by a 

third harmonic of a NdYAG laser. 

28. A method of claim 21, wherein said ultraviolet light has a fluence of 
between about 1 J/cm 2 and about 5 J/cm 2 . 

25 

29. The method of claim 21, wherein said treatment is performed at between 
about 0.1 to about 0.5 minimum erythema dose. 

30. The method of claim 21, wherein said treatment is conducted over 
30 multiple exposure periods. 

-13- 



WO 00/64537 



PCT/US00/11248 



1/3 




SUBSTITUTE SHEET (RULE 26) 



WO 00/64537 



2/3 



PCT/US00/11248 




SUBSTITUTE SHEET (RULE 26) 



WO 00/64537 



PCT/US00/11248 



3/3 



l.20E+00-\ 



I.00E+00- 



^ S.00E-0I- 



6.00E-0I- 



^ 4.00E-0IA 



2. 00 E- 01- 



0.00 E +00 




320 



330 



340 



350 



360 



370 



IRRADIATION WAVELENGTH (nm) 



FIG. 3 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International Application No 

PCT/US 00/11248 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 A61N5/06 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 A61N A61B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, wfth indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 96 14899 A (0PT0MED OPTO MED SYS GMBH 

;WILKENS JAN (DE)) 

23 May 1996 (1996-05-23) 

page 12, line 19 - line 25 

US 4 287 554 A (WOLFF FRIEDRICH) 
1 September 1981 (1981-09-01) 
column 1, line 27 - line 52 

EP 0 726 083 A (ESC MEDICAL SYSTEMS LTD) 
14 August 1996 (1996-08-14) 
column 2, line 2 - line 12 

WO 98 33444 A (TRANSMEDICA INTERNATIONAL 
INC) 6 August 1998 (1998-08-06) 
page 36, line 11 - line 13 



□ 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

V document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"0" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y B document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 

'&■ document member of the same patent family 



Date of the actual completion of the international search 



1 August 2000 



Date of mailing of the international search report 



07/08/2000 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentiaan 2 
NL-2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Petter, E 



Form PCT7ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

^formation on patent family i 



International Application No 

PCT/US 00/11248 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


WO 9614899 A 


23-05-1996 


DE 


4440112 A 


15-05-1996 






DE 


19524461 A 


30-01-1997 






AT 


180177 T 


15-06-1999 






CA 


2205041 A 


23-05-1996 






DE 


59505982 D 


24-06-1999 






EP 


0790845 A 


27-08-1997 



US 4287554 



01-09-1981 



DE 


2829117 


A 


07-02-1980 


DE 


2846221 


A 


30-04-1980 


AT 


358161 


B 


25-08-1980 


AT 


608578 


A 


15-01-1980 


BE 


870853 


A 


15-01-1979 


CA 


1101495 


A 


19-05-1981 


CH 


635000 


A 


15-03-1983 


DK 


386678 


A,B, 


04-01-1980 


FI 


782713 


A,B, 


04-01-1980 


FR 


2430240 


A 


01-02-1980 


GB 


2024393 


A,B 


09-01-1980 


IT 


1160943 


B 


11-03-1987 


JP 


1101784 


C 


25-06-1982 


JP 


55008782 


A 


22-01-1980 


JP 


56043431 


B 


12-10-1981 


LU 


80242 


A 


07-03-1979 


NL 


7809148 


A 


07-01-1980 


NO 


782992 


A,B, 


04-01-1980 


SE 


7809091 


A 


04-01-1980 



EP 0726083 


A 


14-08-1996 


US 


5643334 A 


01-07-1997 








AU 


4440296 A 


15-08-1996 








CA 


2168636 A 


08-08-1996 








FI 


960539 A 


08-08-1996 








JP 


9000649 A 


07-01-1997 


W0 9833444 


A 


06-08-1998 


AU 


5917398 A 


25-08-1998 








BR 


9807816 A 


08-03-2000 








CN 


1251508 T 


26-04-2000 








EP 


1006902 A 


14-06-2000 








US 


6056738 A 


02-05-2000 



Form PCT/1SA/210 (patent family annex) (July 1 992) 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 




llllllllllllllllllllllilllllllllllllllllllllllll 



(43) International Publication Date (10) International Publication Number 

30 November 2000 (30.11.2000) PCT WO 00/71045 Al 



(51) International Patent Classification 7 : A61B 18/20 

(21) International Application Number: PCML99/00279 

(22) International Filing Date: 25 May 1999 (25.05.1999) 

(25) Filing Language: English 

(26) Publication Language: English 

(71) Applicant and 

(72) Inventor: SHARON, Uzi [EVIL]; 30a Ugarit Street, Tel- 
Aviv 69016 (IL). 

(74) Agents: FENSTER, Paul et al.; Fenster & Company 
Patent Attorneys, Ltd., P.O. Box 10256, Petach Tikva 
49002 (IL). 

(81) Designated States (national): AE, AL, AM, AT, AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, 



ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, 
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, 
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, 
SE, SG, SI, SK, SL, TJ, TM, TR, IT, UA, UG, US, UZ, 
VN, YU, ZA, ZW. 



(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, SD, SL, SZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, 
GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



(54) Title: LASER FOR SKIN TREATMENT 




(57) Abstract: A laser system for treating features on the skin of 
a patient with laser light comprising: an imaging subsystem that 
locates features on the skin to be treated; a laser; laser optics that 
focuses light from the laser onto a feature located by the imaging 
subsystem; and a controller that when a feature is located, controls 
the laser to radiate a pulse of laser light that is focused by the laser 
optics to a spot localized about the feature. 



WO 00/71045 PCT/IL99/00279 

LASER FOR SKIN TREATMENT 

FIELD OF THE INVENTION 

The invention relates to laser devices and especially to laser devices used for cosmetic 
and surgical treatment of the skin. 

BACKGROUND OF THE INVENTION 

The use of lasers in corrective and cosmetic surgery procedures is well known. In these 
procedures light from a laser comprised in an appropriate mechanical-optical system causes a 
desired cosmetic or surgical change in a region of tissue by delivering to the region an amount 
of energy sufficient to effect the change. A common problem often encountered in these 
procedures is to deliver the energy to the region, hereinafter referred to as a "target", without 
delivering energy to tissue surrounding the region that might damage the surrounding tissue. 
Many prior art medical laser systems do not solve this problem satisfactorily and often deliver 
substantial amounts of unwanted and unneeded energy to tissue surrounding a target that they 
irradiate. 

For example, laser light is often used to depilate skin by cauterizing follicles of hair to 
be removed from the skin. Most prior art laser depilators irradiate areas of skin much larger 
than the area of skin occupied by a hair follicle. As a result, most of the laser energy these 
depilators radiate is wasted. A major portion of the laser energy is incident on hairless areas of 
skin and only a small portion is incident on targets (i.e. hair follicles) on the skin and used to 
remove hair. Since the prior art laser depilators are energy inefficient, they generally require 
relatively powerful lasers that illuminate skin being treated with a high energy density of laser 
light. This energy density when incident on hairless regions of skin can cause thermal damage 
to these areas. 

For example, typically 20 milliJoules (mJ) of energy are required to cauterize a hair 
follicle and a typical hair follicle occupies an area of skin approximately 3 x 10 -4 cm 2 . An 
energy density of about 60 J/cm 2 therefore is generally required to cauterize hair follicles. 
Many prior art laser depilators irradiate an area of skin on the order of 1 cm 2 with a pulse of 
laser energy lasting about a millisecond or a fraction of a millisecond to depilate an area of 
skin. A Laser in one of these systems must therefore provide a peak power output of about 
60,000 watts. 

SUMMARY OF THE INVENTION 

An aspect of some preferred embodiments of the present invention relates to providing 
a laser system for medical/cosmetic treatment of skin, such as for hair removal, coagulation of 



1 



WO 00/71045 PCT/IL99/00279 

varicose veins and the removal of skin tumors, that minimizes the amount of laser energy 
incident on tissue surrounding targets that the system irradiates. 

According to an aspect of some preferred embodiments of the present invention, the 
laser system comprises an optical imaging subsystem that scans the skin of a patient being 

5 treated and identifies and locates targets for treatment in the area. 

Preferably, the optical imaging subsystem comprises a microscope that collects light 
from an object that it images and focuses the collected light to form a magnified image of the 
object on a photosensitive surface. The skin being treated is optically scanned by positioning 
the microscope's objective lens close to the skin and moving the microscope so as to image 

10 different regions of the skin onto the photosensitive surface. Image data from the 
photosensitive surface characteristic of an imaged region are transmitted to circuitry that 
analyzes the data to determine if a target is located in the imaged region. Preferably, an imaged 
region is determined to have a target if a portion of the image exhibits characteristics typical of 
a target and the portion corresponds to an area of the skin substantially centered at the focal 

1 5 point of the microscope. 

Preferably, the laser system comprises a light source that illuminates regions of the skin 
imaged by the microscope with light having a spectrum that enhances the contrast between 
targets and clear skin devoid of targets. 

For example, assume that the skin is being depilated, that targets on the skin to be 

20 searched for are hair follicles and that the skin is illuminated with light for which hair follicles 
have relatively low reflectance compared to the reflectance of clear skin. Since the hair follicles 
are expected to reflect less light than clear skin, the imaging subsystem will search for 
relatively dark areas on the skin having a size characteristic of hair follicles. If such a relatively 
dark area is found in an imaged region of the skin and the dark area is substantially centered at 

25 the focal point of the microscope, the imaged region is determined to have a target for 
irradiation. 

According to an aspect of some preferred embodiments of the present invention the 
laser system comprises a laser and associated optical elements that are controllable to irradiate 
with laser energy substantially only targets identified by the imaging subsystem. 
30 The optical elements preferably focus light from the laser to a spot centered at the focal 

point of the microscope. The spot size is preferably determined with reference to the sizes of 
targets to be treated with the system. Preferably, the spot size is determined to be a small 
multiple of an expected characteristic size of the targets. In some preferred embodiments of the 
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present invention it is less than three times the size of the feature. Preferably, the spot size is 
smaller than twice the characteristic size of the feature. More preferably the spot size is less 
than 1 .5 times the characteristic size of the feature. Most preferably, the spot size is greater than 
about 1.2 times the characteristic size of the feature.JFor example, if the laser system is being 

5 used to depilate skin, the spot size is preferably determined to be a small multiple of a 
characteristic size of a hair follicle. A characteristic size of a hair follicle might be an average 
size of a hair follicle or a hair follicle size that is greater than the size of 95% of the hair 
follicles. If the laser unit is being used to eradicate small tumors, a characteristic size is a 
suitable expected size of the tumors. 

10 The laser is preferably turned on and off by a controller. During the scan of a treated 

area of skin the laser is normally off. However, when an imaged region of the skin is 
determined to have a target located within a "spot size" of the microscope's focal point, the 
controller turns the laser on to deliver a pulse of laser light to a spot centered at the focal point 
and thereby to the target. Preferably, the controller determines the energy in the pulse by 

1 5 controlling the pulse width and/or the intensity of light in the light pulse. 

The scan speed of the imaging subsystem is preferably sufficiently slow so that the 
imaging system remains focused substantially on a same region of skin during the time it takes 
to determine whether an imaged region has a target and energize the laser. Furthermore, as 
noted above, the spot size to which a light pulse is focused, is preferably slightly larger than a 

20 target defined by a feature of the skin that is to be irradiated. Therefore, the energy in laser light 
pulses radiated by the laser system is substantially restricted to areas of targets or areas 
immediately surrounding targets. For example the energy in a laser light pulse might be 
restricted to an area having a diameter 1 .5 or 2 times the diameter of the area of a target that the 
light pulse irradiates. 

25 Thus, with a laser system in accordance with a preferred embodiment of the present 

invention, laser energy used to effect cosmetic or surgical changes in the skin of a patient is 
substantially restricted to only those areas of the skin that require treatment. Little of the energy 
radiated by the system is incident on skin areas where it is not needed. 

A laser system in accordance with a preferred embodiment of the present invention 

30 therefore uses laser energy efficiently and can generally treat features on a patient's skin using 
a laser having substantially lower power output than lasers used in comparative prior art 
systems. For example in a laser depilator, in accordance with a preferred embodiment of the 
present invention, laser energy is focused to a spot size of about 3x1 0~4 cm^. Laser energy is 
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delivered to cauterize a hair follicle in a laser pulse having a pulse width of about 2 
milliseconds. Assuming 20 mJ of energy is needed to cauterize the hair follicle a laser that 
provides the pulse has to supply a peak power of about 10 watts. The laser depilator, in 
accordance with a preferred embodiment of the present invention, uses a laser having a peak 

5 power output about one thousandth that used in many prior art laser depilators. 

Whereas in the example given above a laser providing a peak power of ten watts is 
used, a laser that provides different peak power output is useable in a laser system in 
accordance with a preferred embodiment of the present invention. Preferably the peak power of 
the laser is less than 100 watts. More preferably the peak power is less than 50 watts. Most 

1 0 preferably the peak power is less than 30 watts. 

According to an aspect of some preferred embodiments of the present invention the 
microscope, photosensitive surface and laser are mounted in a hand unit. To treat a patient an 
operator of the laser system holds the hand unit with the microscope objective lens close to and 
facing the patient's skin. The operator moves the hand unit substantially parallel to the skin to 

15 scan an area of the skin for targets. As targets are identified, they are irradiated with laser light 
from the laser. 

In accordance with an aspect of some preferred embodiments of the present invention 
the microscope is preferably mounted in the hand unit so that it is rotatable about an axis of 
rotation that is perpendicular to the microscope's optic axis and fixed with respect to the hand 

20 unit. The microscope is coupled to a motor or actuator in the hand unit that rotates the 
microscope about the axis back and forth through a predetermined angle. The focal point of the 
microscope therefore moves back and forth, near to or on the surface of the patient's skin, along 
a direction perpendicular to the axis of rotation of the microscope. The operator preferably 
moves the hand unit along the skin in a direction substantially parallel to the axis of rotation. 

25 As a result of the back and forth motion of the focal point of the microscope and the motion of 
the hand unit, the imaging system scans a ribbon shaped area on the patient's skin and target 
regions in the area are identified and irradiated. 

There is thus provided, in accordance with a preferred embodiment of the invention, a laser 
system for treating features on the skin of a patient with laser light comprising: 
30 an imaging subsystem that locates features on the skin to be treated; 

a laser; 

laser optics that focuses light from the laser onto a feature located by the imaging 
subsystem; and 
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a controller, that when a feature is located, controls the laser to radiate a pulse of laser 
light that is focused by the laser optics to a spot localized about the feature. 

Preferably, the system includes a light source that illuminates regions imaged by the 
imaging optics with light for which the features to be treated have a reflectance different from 
5 that of clear skin so that a feature to be treated appears as a contrasted sub-region of an imaged 
region of the skin. 

Preferably, the spectrum of the light radiated by the light source is tunable. 

Preferably, the spot to which the laser is focused has an area substantially equal to an 
area characteristic of the size distribution of areas occupied on the skin by features to be 
10 treated, multiplied by a factor greater than one. Preferably, the factor is less than 2 or 1.5. 
Preferably, the factor is greater than about 1.2. 

Preferably, the controller controls the laser to radiate a pulse of light only if a located 
feature occupies an area on the skin = consistent with the size distribution of areas occupied on 
the skin by features to be treated. 
15 In a preferred embodiment of the invention, the imaging subsystem scans an area of the 

skin and during scanning automatically locates features on the area to be treated. 

In a preferred embodiment of the invention, the imaging subsystem comprises: 

at least one photosensitive surface that generates signals responsive to an image formed 
thereon; and 

20 imaging optics that images light that it collects on the at least one photosensitive 

surface; 

wherein, to scan the area, the imaging optics are moved relative to the skin so as to 
image regions in the scanned area onto the at least one photosensitive surface. 

Preferably, the imaging optics has a focal point and the spot to which the pulse of laser 
25 light is focused is centered at the imaging optics focal point. 

Preferably, the controller controls the laser to radiate a pulse of light only if a feature to 
be treated is determined to lie substantially within an area centered at the imaging optics focal 
point having a size substantially equal to the size of the spot to which the laser pulse is focused. 

Preferably, the system includes circuitry that receives signals generated by the at least 
30 one photosurface responsive to an imaged region of the skin and processes the signals to locate 
contrasted sub-regions in the imaged region to locate features to be treated. 

Preferably, the at least one photosensitive surface comprises a single photosensitive 
surface. Preferably, the photosensitive surface comprises a quadrature detector. Preferably 
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signals from the quadrature detector are used to determine whether a contrasted sub-region 
imaged on the quadrature detector is substantially centered within the spot to which the laser 
pulse is focused. Preferably, signals from the quadrature detector are used to determine 
whether a contrasted sub-region imaged on the quadrature detector is larger than a 
5 predetermined minimum size consistent with the size distribution of areas occupied on the skin 
by features to be treated. 

In a preferred embodiment of the invention, the photosensitive surface additionally 
comprises at least two photodetectors located adjacent to opposite sides of the quadrature 
detector. Preferably, if any of the photodetectors adjacent to sides of the quadrature detector 
10 generates a signal responsive to a contrasted sub-region imaged on the photosensitive surface, a 
portion of the sub-region is determined to lie outside the spot to which the laser pulse is 
focused and the laser is not energized. 

In an alternative preferred embodiment of the invention, the at least one photosurface 
comprises a first and a second photosensitive surface. Preferably, the first photosensitive 
15 surfaces comprises a quadrature detector. Preferably, signals from the quadrature detector are 
used to determine whether a contrasted sub-region imaged on the quadrature detector is 
substantially centered within the spot to which the laser pulse is focused. Preferably, signals 
from the quadrature detector are used to determine whether a contrasted sub-region imaged on 
the quadrature detector is larger than a predetermined minimum size consistent with the size 
20 distribution of areas occupied on the skin by features to be treated. 

In a preferred embodiment of the invention, the second detector comprises a 
photodetector having a mask that blocks light from impinging on an area located at it's center. 
Preferably, the photosensitive surface generates signals responsive to a contrasted sub-region 
imaged on the photosensitive surface, a portion of the sub-region is determined to lie outside of 
25 the spot to which the laser pulse is focused and the laser is not energized. 

In a preferred embodiment of the invention, the imaging optics comprises an objective 
lens system having a focal point that collects light from regions imaged by the imaging 
subsystem and wherein the focal point of the imaging optics is the focal point of the objective 
lens system. Preferably, the laser optics comprises an ocular lens system that receives light 
30 collected by the objective lens system and images the received light on the at least one 
photosensitive surface. Preferably, the objective lens system is rotatable about an axis of 
rotation that intersects the optic axis of the objective lens system. Preferably, the laser optics 
comprises a collimating lens system that receives light radiated by the laser, which it collimates 
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and transmits parallel to the axis of rotation. Preferably, the imaging optics comprises a 
reflector that reflects the collimated laser light towards the objective lens system along a 
direction parallel to the optic axis of the objective lens system so that the laser light is focused 
to a spot at the focal point of the objective lens system. 
5 In a preferred embodiment of the invention, the reflector is a beam splitter. Preferably, the 
ocular lens system and the at least one photosensitive surface are positioned on a side of the 
reflector opposite to the side of the reflector on which the objective lens system is located. 

In an alternative preferred embodiment of the invention, the reflector is a mirror. 
Preferably, the ocular optics and the at least one photosensitive surface are stationary with 
10 respect to the axis of rotation. Preferably, the system a beam splitter positioned between the 
collimating lens and the mirror and wherein light collected by the objective optics is reflected 
by the mirror along the axis of rotation towards the beam splitter, which reflects some of the 
collected light incident on it towards the ocular lens system. 

In a preferred embodiment of the invention, the system comprises a motor or actuator 
15 that is coupled to the objective lens system and rotates the objective lens system with an 
oscillatory motion about the axis of rotation, so that the objective focal point moves back and 
forth along a planar arc having a fixed length. 

In a preferred embodiment of the invention, the imaging optics and the at least one 
photosensitive surface are mounted within a hand held unit. Preferably, the light source is 
20 mounted in or on the hand held unit. Preferably, the laser is mounted within the hand held unit. 
Preferably, the controller is mounted in the hand held unit. Preferably, the system comprises a 
power source mounted in the hand held unit. 

There is further provided, in accordance with a preferred embodiment of the invention, 
a method for treating features on the skin of a patient with laser light comprising: 
25 optically scanning the patient's skin to locate features to be treated; and 

during scanning, when a feature is located, focusing a pulse of laser light energy to a 
spot that covers substantially completely the feature, which spot has an area substantially equal 
to an area characteristic of the size distribution of areas occupied on the skin by features to be 
treated, multiplied by a factor greater than one, preferably, greater than about 1.2 and 
30 preferably less than about 1.5 or 2. 

In a preferred embodiment of the invention, the method includes analyzing imaged 
regions of the skin to locate features to be treated. Preferably, analyzing imaged regions 
comprises determining whether an imaged region of the skin has a feature having a size 
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consistent with the size distribution of areas occupied on the skin by features to be treated. 
Preferably, analyzing imaged regions comprises determining whether an imaged region of the 
skin has a hair feature to be treated located within a localized region on the skin which is 
centered at the focal point. 
5 There is further provided, in accordance with a preferred embodiment of the invention, 

a method for depilating a patient's skin using laser light comprising: 

optically scanning the patient's skin to locate hair follicles in regions of the skin to be 
depilated; and 

during scanning, when a hair follicle is located, cauterizing the hair follicle by focusing 

10 a pulse of laser light energy to a spot that shadows substantially completely the hair follicle, 
which spot has an area substantially equal to an area characteristic of the size distribution of 
areas occupied on the skin by hair follicles, multiplied by a factor greater than one, preferably 
greater than about 1.2, and preferably less than 1.5 or 2. 

In a preferred embodiment of the invention, the method includes analyzing imaged 

15 regions of the skin to locate hair follicles to be treated. Preferably, analyzing imaged regions 
comprises determining whether an imaged region of the skin has a feature having a size 
consistent with the size distribution of follicles areas occupied on the skin by features to be 
treated. Preferably, analyzing imaged regions comprises determining whether an imaged region 
of the skin has a follicle to be treated located within a localized region on the skin which is 

20 centered at the focal point. 

In a preferred embodiment of the invention, scanning comprises moving an optical 
imaging system having a focal point over the patients skin to image different regions of the 
skin. Preferably, moving an optical imaging system comprises moving the focal point close to 
and along the patient's skin. 

25 Preferably, focusing a pulse of laser light energy comprises focusing the energy to a 

spot centered at the focal point. 

In a preferred embodiment of the invention, the localized region is substantially equal 
to the size of the spot to which the laser light is focused. Preferably, moving the focal point 
comprises moving the focal point with an oscillatory motion along a first direction on the skin. 

30 Preferably, the method includes moving the focal point in a second direction substantially 
perpendicular to the first direction while the focal point is oscillating. Preferably, moving the 
optical imaging system comprises moving the optical imaging system by hand. 
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BRIEF DESCRIPTION OF FIGURES 

The invention will be more clearly understood by reference to the following description 
of preferred embodiments thereof read in conjunction with the figures attached hereto. In the 
figures identical structures, elements or parts which appear in more than one figure are labeled 
5 with the same numeral in all the figures in which they appear. Dimensions of components and 
features shown in the figures are chosen for convenience and clarity of presentation and are not 
necessarily shown to scale. The figures are listed below. 

Fig. 1A shows schematically a laser system comprising a hand unit shown in cut-away 
side view, in accordance with a preferred embodiment of the present invention; 
10 Fig. IB shows a schematic circuit for analyzing images of regions of a patient's skin 

formed on a photosensitive surface located in the hand unit shown in Fig. 1A, in accordance 
with a preferred embodiment of the present invention; 

Fig. 2 shows schematically the hand unit shown in Fig. 1 A in a cut-away front view; 
Fig. 3 shows schematically the laser system being used to remove hair from the arm of 
1 5 a patient, in accordance with a preferred embodiment of the present invention; and 

Fig. 4 shows schematically a variation of the hand unit shown in Figs. 1 - 3, in 
accordance with a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Fig. 1A schematically shows a laser system 20, in accordance with a preferred 
20 embodiment of the present invention, comprising a hand unit 22 and a controller 24. Hand unit 
22 is shown in a cutaway cross-section view. It should be noted that whereas controller 24 is 
shown separate from hand unit 22, in most preferred embodiments, controller 24 is mounted on 
or inside hand unit 22. In addition, energy to power hand unit 22 may come from an external 
power supply or preferably from an appropriate portable power supply mounted inside hand 
25 unit 22. 

Hand unit 20 preferably comprises a housing 26 having a window 28. Window 28 has a 
surface 29 that is pressed to the skin 30 of a patient. Surface 29 and skin 30 are shown 
separated by a small distance for clarity of presentation and are shown magnified in an insert 
31. Hand unit 20 comprises a microscope 32 mounted inside housing 26. Microscope 32 
30 comprises an objective lens 34, an ocular lens 36 and an optic axis 38. Objective lens 34 and 
ocular lens 36 are preferably mounted in a microscope housing 40. Whereas microscope 32 is 
shown comprising only two lenses, a hand unit in accordance with a preferred embodiment 
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may comprise a microscope having more than two lenses. For example, the ocular and/or the 
objective may comprise a system of lenses. 

Microscope housing 40 preferably has a circularly cylindrical tubular extension 42 
having an axis of rotation 44 that preferably intersects optic axis 38 at 90°. Microscope 32 is 

5 preferably rotatably mounted to hand unit 22 by mounting tubular extension 42 to a bearing 46 
that is fastened to housing 26 of hand unit 22. Bearing 46 preferably enables microscope 32 to 
be rotated back and forth about axis of rotation 44 but prevents motion of microscope 32 
parallel to axis of rotation 44. Preferably microscope 32 is controlled to rotate back and forth 
about axis 44 with an oscillating motion having predetermined angular amplitude. Preferably 

10 the frequency of oscillation is less than 100 HZ. More preferably, the frequency of oscillation 
is less than 50 Hz. Most preferably the frequency is between 5 and 20 Hz. 

Many methods for achieving the oscillatory motion are known in the art and may be 
used in accordance with preferred embodiments of the present invention for providing such 
motion to microscope 32. For example, in some preferred embodiments of the present 

15 invention a electromotor or piezoelectric micromotor is pressed to the surface of tubular 
extension 42, and thereby microscope 32, to rotate tubular extension 42 back and forth about 
axis of rotation 44. In some preferred embodiments of the present invention tubular extension 
42 is coupled by an appropriate mechanical drive train to a motor or actuator that rotates 
tubular extension 42 in an oscillatory motion. 

20 By way of example, in Fig. 1A tubular extension 42 is shown having an arm 48 that is 

rotated back and forth by a motor 50 in order to oscillate microscope 32. Arm 48 is 
mechanically coupled to motor 50, using any of many various mechanical configurations (not 
shown) known in the art, such as a by a crank and crankshaft. Preferably motor 50 is controlled 
and powered by controller 24 to which motor 50 is connected by an appropriate power and 

25 control line 52. 

The size of window 28, its relative position with respect to microscope 32 and the 
amplitude of motion of microscope 32 are preferably such that for each angular position of 
microscope 32 about axis 44, optic axis 38 passes through window 28. Microscope 32 has a 
focal point 54, preferably located a short distance below window 28. Focal point 54 is most 
30 clearly shown in insert 31. As a result of the oscillating motion of microscope 32, focal point 
54 moves back and forth along a circular arc (not shown), which is perpendicular to the plane 
of Fig. 1A and which lies in a plane perpendicular to axis 44. The projection of focal point 54 
on skin 30 oscillates back and forth and scans skin 30 along a substantially straight line 

10 
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perpendicular to the plane of Fig. 1A (and of course axis 44). Preferably, surface 29 of window 
28 is curved in the plane of the arc of motion of focal point 54 so that focal point 54 is 
substantially a same distance from surface 29 for all points along its arc of motion. 

Hand unit 22 preferably comprises a laser 62 and a collimating lens 60 having an optic 

5 axis coincident with axis of rotation 44. Laser 62 is turned on and off by controller 24 to which 
laser 62 is connected via a control line 63. Laser light from laser 62 is preferably piped to 
collimating lens 60 via a light guide 64. The laser light is represented by lines 65 that have 
arrows indicating the direction of travel of the laser light. Collimating lens 60 collimates laser 
light 65 and directs the collimated laser light to a beam splitting mirror 66 located between 

10 objective and ocular lenses 34 and 36. Beam splitter 66 directs some of laser light 65 in a 
direction parallel to optic axis 38 towards objective lens 34, which focuses laser light 65 to a 
spot 70 (shown in cross section) centered on focal point 54. Spot 70 and its relationship to focal 
point 54 is most clearly shown in insert 3 1 . 

Preferably laser 62 is a laser diode or an array of a plurality of laser diodes. Light guide 

15 64 preferably comprises a fiber optic bundle. Preferably, laser 62 and light guide 64 are 
matched so that their throughput is such that spot 70 has a size slightly larger than a 
characteristic size of a target being treated with laser system 20. (The throughput of the 
combination of laser 62 and light guide 64 is the product of the cross sectional area of light 
guide 64 and the angular divergence of laser light exiting the output end of light guide 64.) For 

20 example, assume that laser system 20 is being used to remove hair from skin 30 by cauterizing 
hair follicles with laser energy. Hair follicles have an average diameter of about 200 microns. 
Therefore, the throughput of laser 62 and light guide 64 is preferably determined so that spot 
size 70 has a diameter of about 250 microns. This choice for spot size assures efficient 
cauterization of hair follicles having a diameter of 200 microns without irradiation of large 

25 areas of skin 30 surrounding hair follicles that are cauterized. 

Hand unit 22 preferably comprises a light source 72 that radiates light through window 
28 to illuminate regions of skin 30 located in the vicinity of focal point 54. In some preferred 
embodiments of the present invention light source 72 comprises a LED or a low powered laser 
having a spectrum that enhances contrast between features to be irradiated and clear skin. 

30 Preferably, light source 72 comprises a white light source (not shown) that radiates 

white light onto a preferably adjustable spectrometer (not shown). The adjustable spectrometer, 
comprising an appropriate diffraction grating or prism, determines the spectral distribution of 
light from the white light source that is radiated by light source 72 to illuminate skin 30. Light 
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source 72 is preferably connected to controller 24 by an appropriate control line 74 (only part 
of which is shown). Preferably, controller 24 controls the spectrometer so that light source 72 
radiates light through window 28 that has a spectral distribution which enhances contrast 
between features of skin 30 to be treated and skin tissue that is free of the features to be treated. 

5 For example, if skin 30 is to be depilated, preferably skin 30 is first shaved and light source 72 
is controlled to illuminate skin 30 with light having a spectral distribution that enhances the 
contrast between hair follicles of the shaved hairs and hairless skin. 

Objective lens 34 collects light from light source 72 that is reflected by a region of skin 
32 substantially centered at focal point 54 and directs the collected light, towards ocular lens 

10 36. The reflected light is represented by dashed lines 76, which have arrows to indicate the 
direction of travel of the reflected light. Some of light 76 is transmitted by beam splitter 66 to 
ocular lens 36, which focuses light 74 to form an image of the region on a photosensitive 
surface 78. 

Photosensitive surface 78 generates signals responsive to the image and the signals are 

15 preferably transmitted to controller 24 via a data line 80. Controller 24 comprises circuitry that 
analyzes the signals to determine if a feature to be treated with laser light is imaged on 
photosensitive surface 78. If such a feature is found and is localized within an area centered on 
focal point 54 that has a size substantially equal to the size of spot 70, the region is determined 
to have a target. For example, if hair follicles are being treated, controller 24 "searches" for a 

20 localized dark or light (depending upon the spectrum of light from light source 72) area set 
against a bright or dark background respectively that has a size characteristic of a hair follicle. 
If such an area is found and it is substantially localized within an area centered at focal point 54 
having the size and shape of spot 70 it is determined to be a target. 

Different types of photosensitive surfaces known in the art are useable as photosensitive 

25 surface 78. For example, in some preferred embodiments of the present invention 
photosensitive surface 78 comprises a pixelated photosensitive surface such as a CCD camera. 
In these embodiments a relatively detailed image of a region centered on the focal point is 
acquired and analyzed. In other more preferred embodiments of the present invention 
photosensitive surface 78 comprises a relatively small number of photodetectors in an array 

30 appropriate for determining whether a feature is a target or not. 

A version of photosensitive surface 78 based on quadrature detection is shown in insert 
82. Photosensitive surface 78 preferably comprises photodetectors 84 and 85 and a quadrature 
detector 90 comprising photodetectors 91, 92, 93 and 94 and having a center point. Axis 38 
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intersects photosensitive surface 78 at its center point. When a feature that might represent a 
feature to be treated with laser light is imaged on photosensitive surface 78, signals from 
photodetectors 91, 92, 93 and 94 are processed using algorithms known in the art to estimate 
the location of the feature with respect to focal point 54. Signals from photodetectors 84 and 85 
are used to determine if the imaged feature occupies an area on the skin greater than a 
predetermined maximum area. If the image of the feature on photosensitive surface 78 
simultaneously stimulates either of photodetectors 84 and 85, the feature is determined by 
controller 24 to be outside the area of quadrature detector 90 or have an area greater than the 
maximum area. If the feature is determined to be smaller than the maximum area (i.e. neither of 
photodetectors 84 and 85 is stimulated) and its centroid is determined to be within a 
predetermined maximum distance from focal point 54, then the feature is a target to be 
irradiated with laser light. The maximum area and maximum distance are preferably chosen to 
assure that the feature lies substantially within an area centered at focal point 54 whose size is 
substantially equal to the size of spot 70. Once a target is determined to be imaged on 
photosensitive surface 78, controller 24 controls laser 62 to radiate a pulse of light that is 
focused to spot 70 and deposits a desired amount of energy on the target. 

Fig. IB shows a schematic circuit 240 that illustrates how signals from photosurface 78 
shown in insert 82 are used to determine whether or not to energize laser 62. 

Let S84, S85, S91, S92, S93, and S94 represent signals received from detectors 84, 85, 
91, 92, 93 and 94 respectively. Define a sum signal Z = (S91 + S92 + S93 + S94). The 
magnitude of Z is a measure of the total amount of light received by photosensitive surface 78 
from a feature imaged on photosensitive surface 78. Sum signal Z is used to determine whether 
or not a prospective feature for treatment is imaged on photosensitive surface 78 and to 
normalize signals from the individual detectors 91-94. In order to energize laser 62 the sum 
signal Z must be larger than a predetermined threshold, i.e. there must be a feature to be treated 
imaged on photosensitive surface 78 and the feature must be larger than a predetermined size as 
determined by the threshold. 

Define S x = |(S91 + S94) - (S92 + S93)|/Z and S Y = |(S91 + S92) - (S93 + S94)|/Z. The 
magnitudes of Sx and S y indicate respectively how far off center the centroid of the imaged 
feature is from focal point 54 along two orthogonal "X" and "Y" directions. For a feature 
whose centroid is substantially located at focal point 54, Sx and Sy are substantially equal to 
zero. 



13 
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Circuit 240 comprises two comparators 242 and 244 for comparing Sx and Sy to a 
voltage Vg. Signals Sx and Sy are input to the plus inputs of comparators 242 and 244 
respectively. Comparators 242 and 244 generate output signals only if Sx and Sy respectively 
are greater than the bias voltage Vg. 

The outputs of comparators 242 and 244 are input to a four way OR circuit 246. Signals 
S84 and S85 are also input to OR circuit 246. OR circuit 246 generates an output signal if 
either S84 or S85 is non-zero or if there is a signal from either comparator 242 or 244. The 
output of OR circuit 246 is input to AND circuit 248 after being inverted. 

Sum signal Z is input to a comparator 250 that compares sum signal Z to a threshold 
voltage Vx- The output of comparator 250 is input to AND circuit 248. AND circuit 248 
receives a signal from comparator 250 only if the sum signal Z is larger than Vx- 

AND circuit 248 therefore generates a signal only if a feature of sufficient size is 
imaged on photosensitive surface 78, as indicated by sum signal Z, and only if there are no 
signals from detector 84 detector 85, comparator 242 and comparator 244. If there is an output 
signal from AND circuit 248 laser 62 is energized. 

It is seen that Vg determines upper limits in the X and Y directions for the 
displacement of the centroid of a feature imaged on photosensitive surface 78. If Sx and Sy 
are greater than Vg, the imaged feature is determined to be too far off center or too large to be 
an acceptable target for irradiation with laser light and AND circuit 248 will not generate an 
output signal. 

It should be noted that circuit 240 assumes that a feature to be irradiated is brighter than 
background skin. A similar circuit (in which for example Sx, Sy, S84 and S85 are inverted) is 
used for processing images from photosensitive surface 78 if a feature to be irradiated is darker 
than the background skin. 

Preferably, hand unit 22 comprises sensors (not shown) that detect whether or not 
window 28 is pressed to a patient's skin. Preferably, the sensors are pressure sensors that 
provide output signals responsive to pressure on window 28. Preferably, laser 62 is energized 
only if the output signals indicate that window 28 is being pressed to a patient's skin. 

Preferably, circuitry that analyzes signals from photosensitive surface 78 to "acquire a 
target" and energize laser 62 performs these tasks in a time that is short compared to a "spot 
crossing time" i.e. the diameter of spot 70 divided by the scanning speed of focal point 54. As a 
result, signal analysis and target acquisition is performed, in accordance with a preferred 
embodiment of the present invention, continuously, substantially in real time. 



14 



WO 00/71045 PCT/IL99/00279 

Assume that microscope 32 oscillates with a frequency of 20 cps and that the amplitude 
of motion of focal point 54 is 2.5 cm. Focal point 54 therefore scans the skin with a velocity of 
100 cm/s. If the size of spot 70 is 200 microns then the spot crossing time is 2x1 0~ 4 sec. Real 
time target acquisition and laser energizing is therefore easily accomplished, in accordance 
5 with a preferred embodiment of the present invention, using nanosecond circuitry and possibly 
even microsecond circuitry. 

Whereas hand unit 22 comprises light source 72 for illuminating a patient's skin, in 
some preferred embodiments of the present invention light from laser 62 is used to illuminate 
the patient's skin. During scanning, laser 62 is not turned off but radiates light at low intensity, 
10 which is focused at focal point 54. The low intensity laser light is used to image the patient's 
skin. When a target is located, controller 24 controls laser 62 to increase the intensity of the 
laser light that it radiates and send a pulse of laser light that deposits a desired amount of 
energy on the target. 

Fig. 2 schematically shows hand unit 22, which is shown Fig. 1A, in a cutaway view 
15 from a direction parallel to axis of rotation 44 shown in Fig. 1A. In Fig. 2, axis of rotation 44 is 
represented by a point 44 and beam splitting mirror 66 (Fig. 1 A) occupies a shaded area labeled 
66. Preferably, hand unit 22 comprises a handle 100. Skin 30 is schematically shown with a 
hair follicle 102. As a result of the pressure of window 28 on skin 30, skin 30 deforms slightly 
and molds itself to the shape of surface 29 of window 30. This assures that focal point 54 is 
20 properly positioned with respect to the surface of skin 30. 

Oscillatory rotation of microscope 32 about axis of rotation 44 results in oscillatory 
motion of focal point 54 in the plane of Fig. 2 along an arc 104. Focal point 54 is shown in a 
number of different positions in Fig. 2. Short witness lines 106 and 108 indicate extreme 
positions of focal point 54 at the ends of arc 104. A witness line 110 marks the central position 
25 of the motion of focal point 54. Part of optic axis 38 is shown for the positions marked by the 
witness lines. 

Microscope 32 is shown at a point of its motion about axis of rotation 44 at which focal 
point 54 is positioned at the location of hair follicle 102. At this position microscope 32 images 
hair follicle 102 on photosensitive surface 78 and controller 24 (Fig. 1A) determines that there 
30 is a target at focal point 54. Laser 62 (Fig. 1 A) is controlled to radiate a pulse of light that is 
focused to spot 70 to coagulate follicle 102. 

Whereas in hand unit 22 oscillatory motion of focal point 54 is achieved by rotating 
microscope 32, in some preferred embodiments of the present invention oscillatory motion of 

15 
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focal point 54 is achieved by rotating mirror 66. In some preferred embodiments mirror 66 is 
rotated about axis of rotation 44. In some preferred embodiments of the present invention 
mirror 66 is rotated about an axis perpendicular to axis of rotation 44 and optic axis 38 that 
passes through their intersection. Fig. 3 schematically shows laser system 20 being used to 
5 depilate skin on an arm 120 of a patient, in accordance with a preferred embodiment of the 
present invention. The skin on arm 120 is preferably shaved to reveal hair follicles 122 (shown 
schematically with greatly exaggerated size) that are to be cauterized with laser light radiated 
from hand unit 22. 

Hand unit 22 is held so that window 28 (shown in Figs. 1 and 2) is pressed to the 

10 surface of the skin of arm 120. With the surface of window 28 in contact with the patient's 
skin, hand unit 22 is moved back and forth along arm 120 in a direction indicated by double 
arrow line 124. Preferably, double arrow line 124 is substantially parallel to axis of rotation 44 
of microscope 32, which is mounted inside hand unit 22 (Figs. 1 and 2). The oscillatory motion 
of microscope 32, causes focal point 54 (Figs. 1 and 2) of the microscope to move back and 

15 forth on the skin along a direction indicated by double arrow line 126. Double arrow line 126 is 
substantially perpendicular to double arrow line 124. 

As a result of the motion of focal point 54 in the direction of line 126 in combination 
with the displacement of hand unit 22 along the direction of line 124, substantially all of a strip 
128 of skin located between lines 130 is scanned for hair follicles 128. When these are located 

20 they are treated with laser light as described above. The width of strip 128 is substantially equal 
to the extent of motion of focal point 54 on the skin of arm 120. The length of strip 128 is equal 
to a distance that hand unit 22 is moved along the direction of double arrow line 30. 

Fig. 4 schematically shows a hand unit 150 that is a variation of hand unit 22 shown in 
Figs 1- 3. Hand unit 150 is shown in a cutaway cross sectional view. Hand unit 150 preferably 

25 has a housing, which is not shown in Fig. 4 for clarity of presentation. In hand unit 22 all the 
optical elements of a microscope are comprised in a single rotating housing. Hand unit 150 on 
the other hand comprises a microscope 152 in which some of the optical components are 
mounted in a housing rotatable with respect to the hand unit housing and others are preferably 
fixed to the hand unit housing. 

30 Components of microscope 152 are shown within dotted boundary curve 154. 

Microscope 152 has an ocular lens 156 mounted to the housing of hand unit 150 in a fixed 
position and an objective lens 158 comprised in an elbow shaped housing 160. Objective and 
ocular lenses 158 and 156 have optical axes 162 and 164 respectively. Objective lens 158 

16 
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collects light from regions of a patient's skin 30 through a window 166 in the hand unit housing 
and has a focal point 168 located slightly below window 166. 

Elbow housing 160 preferably has a circularly cylindrical tubular extension 170 having 
an axis of rotation 172. Axis of rotation 172 preferably intersects optic axes 162 and 164 at 

5 substantially 90°. Tubular extension 170 is mounted to a bearing 174 that is fastened to the 
hand unit housing. Bearing 174 enables tubular extension 170 to rotate about axis of rotation 
172 but preferably prevents tubular extension 172 from moving parallel to axis 172. Tubular 
extension 170 is coupled to an appropriate motor or actuator (not shown) and rotated in an 
oscillatory motion about axis of rotation 172 similarly to the way in which tubular extension 42 

10 of microscope 32 is rotated about axis of rotation 44. Focal point 168 therefore oscillates about 
axis of rotation 172 along an arc (not shown) in the same manner in which focal point 54 of 
hand unit 22 oscillates about axis of rotation 44 along arc 104 (Fig. 2). 

Elbow housing 160 preferably comprises a mirror 176 that reflects light collected by 
objective 158 to a beam splitter 178. The light is represented by lines 180 having arrows 

15 thereon that indicate the direction in which the light travels. Beam splitter 178 reflects some of 
light 180 to ocular lens 156. Ocular lens 156 focuses and preferably directs light 180 towards a 
beam splitter 182 that transmits some of the light to a photosensitive surface 184 and reflects 
some of the light to a photosensitive surface 186. 

Photosensitive surface 184, which is shown in plan view in insert 188, preferably 

20 comprises a quadrant detector 190 that is used to determine the position relative to focal point 
168 of a prospective feature for laser treatment on the skin of a patient. Photosensitive surface 
186, which is shown in insert 192, preferably comprises a detector 194 having a mask 196 
located at the center of detector 194. Light incident on mask 196 does not reach detector 194. 
Detector 194 is preferably used to determine if the size of a prospective feature for laser 

25 treatment on a patient's skin is larger than a predetermined size. If a prospective feature is 
centered at focal point 168 its image will be centered on each of photosensitive surfaces 184 
and 186. If the feature is larger than a predetermined maximum size, its image will be larger 
than mask 196 and detector 194 will generate signals responsive to the image indicating that 
the image is larger than the mask and therefore larger than the predetermined maximum size. In 

30 some preferred embodiments of the present invention quadrature detector 190 has a mask that 
covers all of quadrature detector 190 except for a region in the center preferably having the 
same area as mask 196. Masking quadrature detector 190 in this manner increases signal to 
noise from quadrature detector 190. 

17 
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Signals generated by photodetectors in detectors 190 and 194 responsive to images of a 
prospective feature for laser treatment formed on photosensitive surfaces 184 and 186 
respectively are transmitted to a controller (not shown). The controller analyzes the signals to 
determine if the feature is a target to be treated with laser light. In order for a feature to be a 
target, preferably the location of its centroid, as determined using signals from quadrature 
detector 190, must lie within a predetermined distance of focal point 168. In addition, 
preferably the size of the feature, as determined using signals from masked detector 194, must 
be less than the predetermined maximum size. Hand unit 150 comprises a laser 200 that is 
controlled by the controller. As in laser system 20 shown in Figs. 1 - 3, when a target is 
identified, the controller controls laser 200 to radiate a pulse of laser light to irradiate the target. 
Laser light radiated from laser 200 is piped by a light guide 202 to a collimating lens 204 that 
transmits the laser light to beam splitter 178. The laser light is represented by lines 206 having 
arrows thereon that indicate the direction of travel of the laser light. Some of laser light 206 is 
transmitted by beam splitter 178 to mirror 176, which reflects laser light 180 to objective lens 
158. Objective lens 158 focuses the laser light to a spot 208. The predetermined maximum 
distance, maximum size and the size of spot 208 are preferably determined responsive to the 
size of a feature to be treated with laser light so that when a feature is determined to be a target, 
spot 208 will substantially cover all of the target. 

In the description and claims of the present application, each of the verbs, "comprise" 
"include" and "has", and conjugates thereof, are used to indicate that the object or objects of 
the verb are not necessarily a complete listing of components, elements or parts of the subject 
or subjects of the verb. 

The present invention has been described using non-limiting detailed descriptions of 
preferred embodiments thereof that are provided by way of example and are not intended to 
limit the scope of the invention. Variations of embodiments described will occur to persons of 
the art. For example, in some preferred embodiments of the present invention the hand unit 
comprises a processor for processing data from photosensitive surfaces and determining 
whether a feature on the skin of a patient is a target. Whereas, oscillatory motion of the focal 
points of a microscope in a hand units has been described as resulting from rotational motion of 
the microscope the motion can be also be achieved by linear motion of the microscope. 
Furthermore, different configurations of photodetectors on photosensitive surfaces, other than 
those described, can also be used for locating and sizing prospective targets for laser treatment, 
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and these will occur to a man of the art. The scope of the invention is limited only by the 
following claims. 
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CLAIMS 

1. A laser system for treating features on the skin of a patient with laser light comprising: 
an imaging subsystem that locates features on the skin to be treated; 

5 a laser; 

laser optics that focuses light from the laser onto a feature located by the imaging 
subsystem; and 

a controller, that when a feature is located, controls the laser to radiate a pulse of laser light that 
is focused by the laser optics to a spot localized about the feature. 

10 

2. A laser system according to claim 1 comprising a light source that illuminates regions 
imaged by the imaging optics with light for which the features to be treated have a reflectance 
different from that of clear skin so that a feature to be treated appears as a contrasted sub-region 
of an imaged region of the skin. 

15 

3. A laser system according to claim 2 wherein the spectrum of the light radiated by the 
light source is tunable. 

4. A laser system according to any of the preceding claims wherein the spot to which the 
20 laser is focused has an area substantially equal to an area characteristic of the size distribution 

of areas occupied on the skin by features to be treated, multiplied by a factor greater than one. 

5. A laser system according to claim 4 wherein the factor is less than 2. 

25 6. A laser system according to claim 4 wherein the factor is less than 1.5. 

7. A laser system according to any of claims 4-6 wherein the factor is greater than about 
1.2. 

30 8. A laser system according to any of the preceding claims wherein the controller controls 
the laser to radiate a pulse of light only if a located feature occupies an area on the skin 
consistent with the size distribution of areas occupied on the skin by features to be treated. 

20 
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9. A laser system according to any of the preceding claims wherein the imaging subsystem 
scans an area of the skin and during scanning automatically locates features on the area to be 
treated. 

5 10. A laser system according to any of the preceding claims wherein the imaging subsystem 
comprises: 

at least one photosensitive surface that generates signals responsive to an image formed 
thereon; and 

imaging optics that images light that it collects on the at least one photosensitive 
10 surface; 

wherein, to scan the area, the imaging optics are moved relative to the skin so as to 
image regions in the scanned area onto the at least one photosensitive surface. 

11. A laser system according to claim 10 wherein the imaging optics has a focal point and 
15 the spot to which the pulse of laser light is focused is centered at the imaging optics focal point. 

12. A laser system according to claim 1 1 wherein the controller controls the laser to radiate 
a pulse of light only if a feature to be treated is determined to lie substantially within an area 
centered at the imaging optics focal point having a size substantially equal to the size of the 

20 spot to which the laser pulse is focused. 

13. A laser system according to any of the preceding claims comprising circuitry that 
receives signals generated by the at least one photosurface responsive to an imaged region of 
the skin and processes the signals to locate contrasted sub-regions in the imaged region to 

25 locate features to be treated. 

14. A laser system according to claim 13 wherein the at least one photosensitive surface 
comprises a single photosensitive surface. 

30 15. A laser system according to claim 14 wherein the photosensitive surface comprises a 
quadrature detector. 
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16. A laser system according to claim 15 wherein signals from the quadrature detector are 
used to determine whether a contrasted sub-region imaged on the quadrature detector is 
substantially centered within the spot to which the laser pulse is focused. 

17. A laser system according to claim 15 or claim 16 wherein signals from the quadrature 
detector are used to determine whether a contrasted sub-region imaged on the quadrature 
detector is larger than a predetermined minimum size consistent with the size distribution of 
areas occupied on the skin by features to be treated. 

18. A laser system according to any of claims 15-17 wherein the photosensitive surface 
additionally comprises at least two photodetectors located adjacent to opposite sides of the 
quadrature detector. 

19. A laser system according to claim 18 wherein if any of the photodetectors adjacent to 
sides of the quadrature detector generates a signal responsive to a contrasted sub-region imaged 
on the photosensitive surface, a portion of the sub-region is determined to lie outside the spot to 
which the laser pulse is focused and the laser is not energized. 

20. A laser system according to claim 13 wherein the at least one photosurface comprises a 
first and a second photosensitive surface. 

21. A laser system according to claim 20 wherein the first photosensitive surfaces 
comprises a quadrature detector. 

22. A laser system according to claim 21 wherein signals from the quadrature detector are 
used to determine whether a contrasted sub-region imaged on the quadrature detector is 
substantially centered within the spot to which the laser pulse is focused. 

23. A laser system according to claim 21 or claim 22 wherein signals from the quadrature 
detector are used to determine whether a contrasted sub-region imaged on the quadrature 
detector is larger than a predetermined minimum size consistent with the size distribution of 
areas occupied on the skin by features to be treated. 
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24. A laser system according to any of claims 20 - 23 wherein the second detector 
comprises a photodetector having a mask that blocks light from impinging on an area located at 
it's center. 

5 25. A laser system according to claim 24 wherein if the photosensitive surface generates 
signals responsive to a contrasted sub-region imaged on the photosensitive surface, a portion of 
the sub-region is determined to lie outside of the spot to which the laser pulse is focused and 
the laser is not energized. 

10 26. A laser system according to any of claims 10-21 wherein the imaging optics 
comprises an objective lens system having a focal point that collects light from regions imaged 
by the imaging subsystem and wherein the focal point of the imaging optics is the focal point 
of the objective lens system. 

15 27. A laser system according to claim 26 wherein the imaging system comprises an ocular 
lens system that receives light collected by the objective lens system and images the received 
light on the at least one photosensitive surface. 

28. A laser system according to claim 27 wherein the objective lens system is rotatable 
20 about an axis of rotation that intersects the optic axis of the objective lens system. 

29. A laser system according to claim 28 wherein the laser optics comprises a collimating 
lens system that receives light radiated by the laser, which it collimates and transmits parallel 
to the axis of rotation. 

25 

30. A laser system according to claim 29 wherein the imaging optics comprises a reflector 
that reflects the collimated laser light towards the objective lens system along a direction 
parallel to the optic axis of the objective lens system so that the laser light is focused to a spot 
at the focal point of the objective lens system. 

30 

31. A laser system according to claim 30 wherein the reflector is a beam splitter. 
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32. A laser system according to claim 31 wherein the ocular lens system and the at least one 
photosensitive surface are positioned on a side of the reflector opposite to the side of the 
reflector on which the objective lens system is located. 

5 33. A laser system according to claim 30 wherein the reflector is a mirror. 

34. A laser system according to claim 33 wherein the ocular optics and the at least one 
photosensitive surface are stationary with respect to the axis of rotation. 

10 35. A laser system according to claim 34 comprising a beam splitter positioned between the 
collimating lens and the mirror and wherein light collected by the objective optics is reflected 
by the mirror along the axis of rotation towards the beam splitter, which reflects some of the 
collected light incident on it towards the ocular lens system. 

15 36. A laser system according to any of claims 28 -35 comprising a motor or actuator that is 
coupled to the objective lens system and rotates the objective lens system with an oscillatory 
motion about the axis of rotation, so that the objective focal point moves back and forth along a 
planar arc having a fixed length. 

20 37. A laser system according to any of claims 10-32 wherein the imaging optics and the at 
least one photosensitive surface are mounted within a hand held unit. 

38. A laser system according to claim 37 wherein the light source is mounted in or on the 
hand held unit. 

25 

39. A laser system according to claim 37 or claim 38 wherein the laser is mounted within 
the hand held unit. 

40. A laser system according to any of claims 37 - 39 wherein the controller is mounted in 
30 the hand held unit. 

41. A laser system according to any of claims 37 - 40 comprising a power source mounted 
in the hand held unit. 
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42. A method for treating features on the skin of a patient with laser light comprising: 
optically scanning the patient's skin to locate features to be treated; and 

during scanning, when a feature is located, focusing a pulse of laser light energy to a 
5 spot that covers substantially completely the feature, which spot has an area substantially equal 
to an area characteristic of the size distribution of areas occupied on the skin by features to be 
treated, multiplied by a factor greater than one. 

43. A method for depilating a patient's skin using laser light comprising: 

10 optically scanning the patient's skin to locate hair follicles in regions of the skin to be 

depilated; and 

during scanning, when a hair follicle is located, cauterizing the hair follicle by focusing 
a pulse of laser light energy to a spot that shadows substantially completely the hair follicle, 
which spot has an area substantially equal to an area characteristic of the size distribution of 
1 5 areas occupied on the skin by hair follicles, multiplied by a factor greater than one. 

44. A method according to claim 42 or claim 43 wherein the factor is less than 2. 

45. A method according to claim 42 or claim 43 wherein the factor is less than 1.5. 

20 

46. A method according to any of claims 42-45 wherein the factor is greater than about 1.2. 



47. A method according to any of claims 42 - 46 wherein scanning comprises moving an 
optical imaging system having a focal point over the patients skin to image different regions of 

25 the skin. 

48. A method according to claim 47 wherein moving an optical imaging system comprises 
moving the focal point close to and along the patient's skin. 

30 49. A method according to claim 47 or claim 48 wherein focusing a pulse of laser light 
energy comprises focusing the energy to a spot centered at the focal point. 



25 
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50. A method according to claim 47 
to locate features to be treated. 
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- 49 comprising analyzing imaged regions of the skin 



51. A method according to claim 50 wherein analyzing imaged regions comprises 
determining whether an imaged region of the skin has a feature having a size consistent with 
the size distribution of areas occupied on the skin by features to be treated. 

52. A method according to claim 50 or claim 51 wherein analyzing imaged regions 
comprises determining whether an imaged region of the skin has a feature to be treated located 
within a localized region on the skin which is centered at the focal point. 

53. A method according to claim 48 wherein the localized region is substantially equal to 
the size of the spot to which the laser light is focused. 

54. A method according to any of claims 48 - 53 wherein moving the focal point comprises 
moving the focal point with an oscillatory motion along a first direction on the skin. 

55. A method according to claim 54 and comprising moving the focal point in a second 
direction substantially perpendicular to the first direction while the focal point is oscillating. 

56. A method according to any of claims 47 - 55 wherein moving the optical imaging 
system comprises moving the optical imaging system by hand. 
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(57) Abstract: A marker substance includes a photosensitive toxic ma- 
terial to tag subcutaneous hair growth cells of a target zone of skin. Il- 
lumination apparatus is used to iUurninate the skin in the target zone 
with light of a wavelength selected to effect preferential interaction with 
the hair growth cells tagged with the marker substance, resulting in a 
toxic effect inhibiting the hair growth capability of the tagged illumi- 
nated cells; wherein. In the kit the marker substance may be provided 
in a form comprising discrete portions of the photosensitive toxic mate- 
rial and a carrier material, the portions to be mixed prior to application 
to the target zone. Additionally or alternatively, the iUumination appa- 
ratus includes an applicator configured to deliver non-laser light and/or 
configured to be placed against the target zone skin to deliver the illu- 
mination to the tagged hair growth cells. 
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COSMETIC DEPILATION KIT WITH PHOTOSENSITIZER 

The present invention relates to a cosmetic depilation 
kit . 

Laser hair removal is currently an effective and long term 
method for effecting cosmetic hair removal. An exemplary 
laser depilation technique is disclosed in EP-A-0732895 . 
In such techniques, high intensity laser energy is 
directed towards the skin selectively heating hair 
surrounding the follicle leading to damage of the hair 
growth mechanism. If sufficient damage is induced, the 
hair follicle is effectively destroyed and the hair will 
not regrow. This technique has disadvantages, one such 
being that scarring and pigmentary changes can occur. 
This is particularly the case where the individual being 
treated has dark skin and/or light hair. Such techniques 
are also relatively slow, with the target zone needing to 
be covered by repeated laser pulses. 

US-A-5669916 discloses a technique in which a hair is 
first plucked from a follicle before a photosensitive 
toxic material is directed along the path of the removed 
hair to the follicle. The toxic material is then 
activated by irradiation using laser. 

An improved technique has now been devised. 
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According to a first aspect, the present invention 
provides a cosmetic kit for use in inhibiting hair growth, 
the kit comprising: 

5 a) a marker substance including a photosensitive 

toxic material to tag subcutaneous hair growth 
cells of a target zone of skin; and, 

b) illumination apparatus for illuminating the skin 
10 in the target zone with light of a wavelength 

selected to effect preferential interaction with 
the hair growth cells tagged with the marker 
substance, resulting in a toxic effect 
inhibiting the hair growth capability of the 
15 tagged illuminated cells; wherein: 

(i) the marker substance is provided in a form 
comprising discrete portions of the 
photosensitive toxic material and a carrier 

20 material, the portions to be mixed prior to 

application to the target zone; and or, 

(ii) the illumination apparatus includes an 
applicator configured to deliver non-laser 

25 light and/or configured to be placed 

against the target zone skin to deliver the 
illumination to the tagged hair growth 
cells . 



3 0 The photosensitive toxic material is a material whose 

toxicity increases substantially upon exposure 
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illumination of predetermined wavelength at sufficient 
energy delivered. One such material is ALA 

(aminolevulinic acid) ; this and other materials are known 
in the art and described, for example in US-A-5669916 . 

5 

The carrier material is beneficially a material easily 
absorbed into the skin an preferably comprises a 
moisturiser or absorbent emollient carrying the 
photosensitive toxic material in dissolved form or 
10 otherwise. It is important to maintain the carrier ai}d 

the photosensitive toxic material separate until shortly 
prior to use in order to inhibit any adverse interaction 
between the materials prior to application to the skin of 
the target zone . 

15 

The portions of the photosensitive toxic material and the 
carrier material are dosed in a predetermined ratio. In 
one embodiment the proportion would be approximately 25% 
photosensitive toxic material to approximately 75% carrier 
20 material . 



The kit beneficially includes a dispenser or a container- 
dispenser for dispensing the marker substance. 

25 A container for the carrier material and or the 

photosensitive toxic material preferably affords light 
shielding of the photosensitive toxic material. 

Mixing means is beneficially provided for mixing the 
30 photosensitive toxic material and the carrier material. 

The mixing means preferably permits mixing of the 
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photosensitive toxic material and the carrier material at 
a zone substantially sealed from the user. 



Beneficially a container for the photosensitive toxic 
5 material and the carrier material comprises respective 

sealed zones containing the photosensitive toxic material 
and th'e carrier material respectively, the zones being 
configured to be selectively breached or ruptured 
permitting mixing of the materials. A mixing zone may be 
10 provided adjacent the breachable sealed zones, the mixing 

zone preferably communicating with a dispensing outlet. 

The illumination apparatus preferably includes window 
means arranged to overlay the target zone skin, the 
15 illumination being directed via the window means. 

In one embodiment, the illumination apparatus includes an 
illumination applicator having a flexible structure 
arranged to conform to the target zone skin body part . 

20 

The illumination apparatus preferably includes: 

a) an illumination applicator structure arranged to 
deliver illumination over a predetermined area; 

25 

b) a waveguide to connect with the illumination 
applicator; and, 



30 



c) a light source to direct light along the 
waveguide . 
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The illumination apparatus beneficially includes an 
illumination applicator structure having internal light 
reflecting walls and an associated light transmissive zone 
means through which reflected light is permitted to pass. 
5 This may be achieved, for example, where the applicator 

structure comprises one or more lengths of fibreoptic 
(preferably the applicator structure comprises a plurality 
of lengths of fibre optic, the lengths being arranged to 
deliver light at different zones of the applicator 
10 structure) . 

The marker substance is desirably preferentially absorbed 
by, or tagged to, hair growth cells in the target zone. 
The excess proportion of the applied marker substance not 

15 absorbed by the hair growth cells is preferably 

metabolised and removed from the tissue by the normal 
action of the body. The technique according to the 
invention has been found to be effective even without the 
prior mechanical /physical depilation suggested in US-A- 

20 5669916. Indeed such a step is discouraged due to the 

unnecessary trauma and pain it entails. 

The hair growth cells targeted for tagging are preferably 
so called *stem' cells in the *bulge' area of the follicle 

25 (adjacent the sebaceous gland) . By effectively destroying 

or disabling the 'stem' cells once the hair has completed 
a growth cycle, a new hair cycle will be inhibited from 
starting, thereby preventing the follicle from functioning 
properly. The marker substance is therefore selected to 

30 preferentially tag 'stem' cells. 
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The marker substance is preferably topically applied to 
the skin at the target zone. The marker substance 
penetrates into the skin to preferentially tag the target 
cells (typically by being preferentially absorbed) . The 
5 marker substance preferably comprises a photo therapy drug 

such as for example 5-Aminolaevolinic Acid (5 -ALA) . 
Desirably the drug is provided in a topically 
administrable form such as a cream or the like. 

10 The interaction of the illuminating light with the marking 

substance preferably results in the desired hair growth 
inhibition. The interaction may be photochemical and/or 
photo-thermal in nature. For photochemical interaction, 
light of a predetermined wavelength induces a chemical 

15 reaction between the marker substance and the tagged cells 

resulting in destruction of, or disabling of, the tagged 
cells. For photo- thermal interaction, the incident light 
causes a temperature rise in the tagged cells to a degree 
sufficient to destroy or disable the tagged cell. 

20 

The wavelength of the illuminating light is preferably 
selected such that it is absorbed by the marker substance 
(or the tagged cell) . The wavelength of the illuminating 
light is preferably substantially matched to the optical 
25 absorption characteristics of the marker substance. 

The illuminating light is preferably substantially in the 
range 500nm-1000nm wavelength. The light is preferably 
concentrated within a relatively narrow bandwidth within 
30 the range. This may be achieved by filtering of the light 

or use of light emitting apparatus arranged to emit a 
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discrete wavelength (or band of wavelengths) . For example 
where 5 -ALA is used as the marker substance to tag the 
cells it is preferred that the illuminating light includes 
on or more wavelengths substantially in the range 600nm- 
5 65 0nm. 

The illuminating light may, for example, be laser 
(including semiconductor laser) , white light (preferably 
filtered), or LED light. 

10 

The intensity of the light is determined by the quantity 
of light required to produce the necessary interaction 
with the tagged cells. Generally however the intensity 
required will be substantially lower than the intensity 
15 required for prior art laser depilation techniques. This 

enables the technique to be more suitable for unsupervised 
x Home' use. 

The light may be pulsed or applied as continuous wave. The 
20 light typically floods the target zone, which target zone 

is typically of an area in the range 0 . 5cm 2 -10cm 2 , more 
preferably lcm 2 -5cm 2 . The energy applied per pulse to the 
target zone is preferably substantially in the range 40 J 
or less (more preferably 25J or less) . 

25 

The possibility of using lower intensity and non-laser 
light also enables a greater area target zone to be 
simultaneously illuminated, with reduced risk of skin 
burn. The technique is therefore safer and quicker. 



30 
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The invention will now be further described, in a specific 
embodiment, by way of example only and with reference to 
the accompanying drawings in which: 

5 Figure 1 is a schematic representation of a mammalian hair 

follicle ; 

Figure 2 is a schematic representation, similar to Figure 
1, showing a first stage in application of the depilation 
10 technique ; 

Figure 3 is a schematic representation similar to Figures 
1 and 2, showing a subsequent stage in the technique; 



15 Figures 4 and 5 are schematic plan and side views 

respectively of a container-dispenser for the marker 
substance according to the invention; 

Figures 6 and 7 show alternative general embodiments of 
20 illumination apparatus for inclusion in a kit according to 

the invention; 



Figure 8 is a schematic view of a laser diode illumination 
apparatus for inclusion in a kit according to the 
2 5 invention; 



Figure 9 is a schematic view of LED illumination apparatus 
for inclusion in a kit according to the invention; 



30 



Figure 10 is a schematic view of v white light' 
illumination apparatus for inclusion in a kit according to 
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the invention; 

Figure 11 is a schematic view of alternative v white light' 
illumination apparatus for inclusion in a kit according to 
5 the invent ion ; 

Figure' 12 is a schematic view of a pad or patch applicator 
structure illumination apparatus for inclusion in a kit 
according to the invention; 

10 

Figure 13 is a perspective view of the applicator pad or 
patch of figure 12; 

Figure 14 is a sectional view of the fibreoptic used in 
15 the pad or patch of figures 12 and 13; and 

Figure 15 is a schematic longitudinal section of the 
fibreoptic of figure 14. 

20 Referring to the drawings and initially to Figure 1, there 

is shown human hair follicle supporting a hair shaft 1 
growing through the epidermis 2 and dermis 3 of mammalian 
skin tissue. x Stem' cells 7 are present in the x bulge' 
region 4 adjacent the sebaceous gland 5. Stem cells have 

25 a relatively high turnover/life cycle and are responsible 

for instituting cyclical growth of the hair from the 
follicle . 

In accordance with the invention, a drug formulation 
30 including 5-Aminolaevolinic Acid ( 5 -ALA) is provided in a 

form for topical administration to the outer surface of 
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the skin 6 . The drug 5 -ALA is selected because it is 
selectively absorbed and retained in stem cells 7 when 
penetrating into the epidermal layer 3 (via epidermis 2) 
thereby effectively tagging the stem cells. 
5 Concentrations of the drug not absorbed in the stem cells 

7 are metabolised and removed from the tissue by the 
normal' action of the body. 



After a predetermining period of time to allow the excess 
0 "marker" drug to be removed from the target zone tissue 

(other than from the "tag" stem cells 7) , the target zone 
of the skin is directly illuminated from externally of the 
body by means of an illumination device 9 which supplies 
light of a preselected wavelength matched to a preselected 
5 characteristic absorption wavelength of the marker drug 

(now tagging stem cells 7) . 

The intensity of the light supplied, and duration of 
supply of the light, is controlled such that either 

0 photochemical or photo- thermal interaction (or both) of 

the light with the tagged stem cells 7 causes disabling or 
destruction of the relevant stem cell 7 without disabling 
or destroying, substantially, the surrounding tissue 
material. This results in the tagged and disabled stem 

5 cell being inhibited from acting further to produce hair 

from the relevant follicle . 



The technique , by selectively marking/ tagging and 
destroying stem cells preferentially (and the associated 
0 matching of the wavelength of the illuminating light) 

enables relatively low intensity light to be used, which 
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may flood the target zone of the skin enabling a 
relatively large area of hair covered skin to be treated 
simultaneously. Typically, the light from the 

illumination device 9 is pulsed to enable thermal 
5 relaxation of the skin to occur between consecutive 

pulses. Typically, the energy supplied to the skin 
surface by the illuminating device 9 does not exceed 25J, 
before significant thermal relaxation of the skin is 
permitted . 

0 

The illuminating device may comprise laser, semiconductor 
laser, white light illumination device (typically with a 
filter) or an LED device. The wavelength band width 
emitted where 5 -ALA is used as the marker is preferably 
5 substantially within the range 600nm - 650nm (which may be 

achieved by filtering if required) . 

The low intensity nature of the light required to effect 
depilation using the technique according to the invention, 
0 enables the technique to be relatively safe when compared 

to prior art laser hair removal techniques. The drug 
formulation and illumination device may therefore be sold 
as a consumer kit for "home" use. 

5 Referring to figures 4 to 15 a "home use" kit for cosmetic 

depilation would typically comprise a power supply and 
lighting apparatus 10, 11 (see figures 6 and 7) for direct 
connection to mains power supply. The apparatus 10, 11 
either includes flexible electric connection to a light 

0 source 12 for application of illuminating radiation to the 

skin or, a "fixed" light source 13 and fibreoptic 



WO 00/74781 



PCT/GB00/02170 



-12- 

connection 14 to an applicator 16. 

The other essential element of the kit is the market 
substance typically provided in a container 2 0 (see 
5 figures 4 and 5) which comprises a heat sealed plastics 

container/dispenser 20 having sealed chambers 21, 22, 23. 

Chamber 21 contains the ALA material and chamber 23 
carries the moisturiser/emollient carrier cream. A manual 

0 pinch pressure causes seals 24, 25 to be ruptured and the 

respective materials to be urged from chambers 21, 23 into 
mixing chamber 22 where they become thoroughly, and 
intimately, mixed. A cap 26 is subsequently broken from 
the end of nozzle 27 permitting the ALA and carrier 

5 mixture to be squeezed out of the container dispenser 20 

under manual pressure. 

The container dispenser 20 ensures that the correct 
proportions of ALA drug and carrier are mixed, and that 
0 mixing may be delayed until the point of application. 

Following application of the mixture topically to the 
target zone of skin, and subsequently waiting the required 
length of time to permit the concentration of ALA in the 
:5 non-target tissue to be reduced to the required low level, 

the illumination apparatus is applied to the skin and 
switched on. 

Various forms of illuminating apparatus may be used. The 
\0 apparatus 110 in figure 8 includes a laser diode light 

source 125 contained within a protective casing 126 and 
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including focussing optics 127 arranged to ensure the 
light is directed through a protective window 128. 
Typically the window 128 is held against the skin of the 
target zone to ensure correct delivery of the illuminating 
5 light to the target zone . 

In the' embodiment shown in figure 9 a 2D array of LEDs 
(light emitting diodes) 225 is utilised. Focussing optics 
227 ensure the light is directed through the protective 
10 window 22 8 in a similar manner to the arrangement of 

figure 8. 

In the apparatus shown in figure 10, an electric filament 
"white light" source is used. The source 325 is 

15 surrounded by a protective housing 326 including a shaped 

reflective surface 327 arranged to direct the light out of 
the housing via protective window 328. 

In the embodiment shown in figure 11, a white light 
20 filament source 325 is once again used. In this 

embodiment an internally reflecting light guide (such as 
a fibreoptic) is used. The fibreoptic may be connected to 
a light applicator to be connected to the skin as will be 
described hereafter. 

25 

The apparatus of figure 12 shows an applicator pad or 
patch structure 426 which is typically flexible in nature, 
permitting the pad 426 to be conformed to the shape of the 
body part to which it is applied. As shown in figures 13 
30 to 15 additionally, light is directed to the pad or patch 

structure 426 by a flexible fibreoptic 435 which has a 
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connector 436 arranged for mating connection to a 
corresponding connector 437 provided for the pad or patch 
structure. The pad or patch structure 426 has an imbedded 
fibreoptic arrangement 440 including a series of spaced 
5 lengths of fibreoptic 441 extending across the pad or 

patch structure . In the embodiment shown in figure 13 , 
the fibreoptic path lengths form a serpentine arrangement, 
although a number of paths connected in parallel would 
also provide a convenient and workable arrangement . As 

10 shown in figure 14 the fibreoptic 440 includes .a 

reflective surface cladding 442 surrounding a core 443. 
The surface cladding 442 ensures total internal reflection 
about the circumference of the fibreoptic except for an 
unclad window length 445 through which light can be 

15 emitted. 



The pad or patch structure as shown in figures 12 to 15 
provides a convenient arrangement in that light can be 
distributed widely over a large area of skin surface in a 
2 0 convenient and safe manner. 



Particular benefits of the invention are the arrangement 
of the carrier and the photosensitive toxic material in 
discrete separate package portions, easily mixable at the 

25 required time in order to ensure that detrimental effects 

of early mixing or incorrect dosage ratios are avoided. 
The illumination apparatus configured to deliver non-laser 
light and/or configured to be placed against the target 
zone skin provide additional safety benefits and ensure 

3 0 that the skin is radiated to a consistent degree during 

treatment. This makes the kit particularly suitable for 
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consumer/home use . 
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Claims : 

1. A cosmetic kit for use in inhibiting hair growth, the 
kit comprising : 

a} a marker substance including a photosensitive 
toxic material to tag subcutaneous hair growth 
cells of a target zone of skin; and, 



b) illumination apparatus for illuminating the skin 
in the target zone with light of a wavelength 
selected to effect preferential interaction with 
the hair growth cells tagged with the marker 
15 substance, resulting in a toxic effect 

inhibiting the hair growth capability of the 
tagged illuminated cells; wherein: 

(i) the marker substance is provided in a form 
20 comprising discrete portions of the 

photosensitive toxic material and a carrier 
material, the portions to be mixed prior to 
application to the target zone; and or, 

25 (ii) the illumination apparatus includes an 

applicator configured to deliver non-laser 
light and/or configured to be placed 
against the target zone skin to deliver the 
illumination to the tagged hair growth 

30 cells. 
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2. A cosmetic kit according to claim 1, wherein the 
portions of the photosensitive toxic material and the 
carrier material are dosed in a predetermined ratio. 

5 3 . A cosmetic kit according to claim 1 or claim 2 , 

including a dispenser for dispensing the marker 
substance . 

4 . A cosmetic kit according to any preceding claim, 
10 including a container for the carrier material and or 

the photosensitive toxic material. 

5. A cosmetic kit according to claim 4, wherein the 
container affords shielding of the photosensitive 

15 toxic material. 

6. A cosmetic kit according to any preceding claim, 
wherein mixing means is provided for mixing the 
photosensitive toxic material and the carrier 

20 material . 

7. A cosmetic kit according to claim 6, wherein the 
mixing means permits mixing of the photosensitive 
toxic material and the carrier material at a zone 

25 substantially sealed from the user. 

8 . A cosmetic kit according to any preceding claim, 
wherein a container for the photosensitive toxic 
material and the carrier material comprises 
30 respective sealed zones containing the photosensitive 

toxic material and the carrier material respectively, 
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the zones being configured to be selectively breached 
or ruptured permitting mixing of the materials. 

A cosmetic kit according to claim 8, wherein a mixing 
zone is provided adj acent the breachable sealed 
zones , the mixing zone communicating with a 
dispensing outlet . 

10. A cosmetic kit according to any preceding claim, 
10 wherein the illumination apparatus includes window 

means surface arranged to overlay the target zone 
skin, the illumination being directed via the window 
means . 

15 11. A cosmetic kit according to any preceding claim, 

wherein the illumination apparatus includes an 
illumination applicator having a flexible structure 
arranged to conform to the target zone skin body 
part . 

20 

12 . A cosmetic kit according to any preceding claim, 
wherein the apparatus includes: 

(a) an illumination applicator structure arranged to 
25 deliver illumination over a large area; 

(b) a waveguide to connect with the illumination 
appl i cat or ; and , 



30 



(c) a light source to direct light along the 
waveguide . 
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A cosmetic kit according to any preceding claim, 
wherein the apparatus includes an illumination 
applicator structure having internal light reflecting 
walls and an associated light transmissive zone means 
through which reflected light is permitted to pass. 

A cosmetic kit according to claim 13 , wherein the 
applicator structure comprises one or more lengths of 
f ibreoptic . 

A cosmetic kit according to claim 13 or claim 14, 
wherein the applicator structure comprises a 
plurality of lengths of fibre optic , the lengths 
being arranged to deliver light at different zones of 
the applicator. 
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(57) Abstract: An improved light beam generation and 
focusing device (15, 50) is disclosed. The device has a 
light source (16, 51) constructed and arranged to emit 
at least one beam of light (20), and a lens assembly (17, 
19, 56) constructed and arranged to focus the at least 
one beam of light on a surface plane. The device is con- 
structed and arranged to sequentially direct the at least 
one beam of light to at least two spaced locations (21, 
21') on the surface plane. The lens assembly comprises 
a collimating lens (17), and a spaced focusing lens (19). 
The collimating lens may comprise a micro-lens, and 
more preferably a cylindrical micro-lens mounted on the 
light source. In a first embodiment, the device is pro- 
vided with a beam steering device (28) having a beam 
steering optical element (29), and a drive assembly (31) 
for actuating the beam steering optical element such that 
the at least one beam of light is directed to the at least 
two spaced locations on the surface plane. In a second 
embodiment, the device is provided with a plurality of 
light sources mounted to a mounting block (52), each 
light source emitting a separate beam of light to sepa- 
rate focal points, respectively, on the surface plane. 
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LIGHT BEAM GENERATION AND FOCUSING DEVICE 

CROSS REFERENCE TO RELATED APPLICATIONS 

The patent application claims priority to, and the benefit of the filing date 
5 of, U.S. Patent Application Nos. 60/140,003 and 60/165,814, filed June 18, 
1999, and November 16, 1999, respectively. 

FIELD OF THE INVENTION 

The invention relates in general to light beam generation and focusing 
10 devices, such as laser porators. More particularly, the invention relates to an 
improved light beam generation and focusing device adapted to emit at least 
one focused beam of light directed to at least two spaced locations on a 
surface plane. 



15 BACKGROUND OF THE INVENTION 

The use of laser porators for forming micropores in the stratum corneum 
has proven to be an important advancement in the healthcare field. Laser 
thermal ablation devices, such as that described in U.S. Patent No. 5,885,21 1, 
provide a means of quickly and efficiently forming a micropore in the stratum 

20 corneum so that interstitial fluids can be easily gathered therefrom for testing 
the analytes present in the fluid. This has proven to be a very simple yet 
effective way of testing for glucose, for example. Moreover, the use of laser 
porators of the type described in the above-referenced patent has led to the 
development of improved glucose monitoring and testing systems, such as 

25 those developed by SpectRx, Inc. of Norcross, Georgia. 

When used as a porator for forming micropores in the stratum corneum 
of a person's skin, the known types of laser ablation devices emit and focus a 
beam of light at a focal point on the stratum corneum for defining, i.e. burning, 
an opening in the skin layer without penetrating any deeper into the epidermis 

30 of the person being tested. Thereafter, interstitial fluids will flow into the 

opening, or can be drawn into the opening by the use of a separate device, for 
example, the electro-poration device described in U.S. Patent No. 6,022,316. 
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Additional laser ablation devices are described in U.S. Patent No. 5,643,252, 
and in U.S. Patent No. 6,027,496. 

What is common to the laser porators of the aforementioned patents, 
and as illustrated in Fig. 1 hereof, is a laser poration device 5 provided with a 
5 light source 6, typically a laser of some type, which laser emits a beam of light 
directed toward a collimating lens 9. The collimating lens gathers the beam of 
light and forms it into a columnar beam of light, and directs the beam of light to 
a spaced focusing lens 1 1 . From the focusing lens, the beam of light is 
directed toward and focused on a focal point 13 defined on a spaced surface 
10 plane. 

U.S. Patent No. 5,643,252 illustrates a laser ablation device of the 
known type in Figs. 1 and 3 thereof, and also shows in Fig. 5A thereof an 
ablation device having a spaced arrangement of prisms positioned with respect 
to the light source for use in splitting the beam of light emitted from the light 
15 source into separate beams of light, each beam of light being simultaneously 
directed to a surface plane. The device of the '252 patent also discloses, in 
Fig. 5B, a powered acousto-optic modulator for use in creating separate beams 
of light. 

A problem with the known types of laser ablation/poration devices, 
20 however, results from the size of the device necessary to emit and focus a 
beam of light, and the need or desire to form more than one micropore in the 
stratum corneum of a person being tested. 

There is a need, therefore, for a portable laser poration device which 
can quickly and easily emit at least one focused beam of light directed to at 
25 least two spaced focal points on a surface plane spaced from the device. 

Moreover, there is a need for such an improved device which remains relatively 
compact, yet flexible enough for use in a variety of applications. There is also 
a need for an improved laser porator which will more efficiently gather the 
beam of light emitted from the light source, focus the beam of light, and direct it 
30 to the at least two spaced locations on the surface plane. 
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SUMMARY OF THE INVENTION 

The present invention provides an improved light beam generation and 
focusing device adapted for use in emitting and directing at least one focused 
beam of light to at least two spaced locations on a surface plane, which may 
5 include the stratum corneum of a person, and which overcome some of the 
design deficiencies of the known art. The light beam generation and focusing 
device of this invention provides a simple and efficient device which allows for 
a greater degree of flexibility in use when compared to the known types of laser 
porators. Moreover, the relative simplicity of the device of this invention, when 

1 0 contrasted with the known laser porators, addresses the problems of efficiently 
and cost effectively focusing at least one beam of light on a surface plane for 
defining an opening therein, and more preferably for defining an opening in at 
least two spaced locations therein. 

The invention attains this degree of flexibility, as well as simplicity in 

15 design and construction, by providing an improved light beam generation and 
focusing device having a light source constructed and arranged to emit at least 
one beam of light, a lens assembly constructed and arranged to focus the at 
least one beam of light on the surface plane, and which is also constructed and 
arranged to direct the at least one beam of light to at least two spaced 

20 locations on the surface plane. 

The lens assembly of the device comprises a collimating lens positioned 
with respect to the at least one beam of light, and a focusing lens spaced 
therefrom. The collimating lens may comprise a micro-lens, and more 
particularly may comprise a cylindrical micro-lens mounted directly to the light 

25 source. The light source may comprise a laser diode, and may further 

comprise a single active element laser diode chip, or multiple active element 
laser diode chips. 

The device may also include, in one embodiment, a beam steering 
device constructed and arranged to direct the at least one beam of light to the 

30 at least two spaced locations on the surface plane. The beam steering device 
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includes a beam steering optical element, and a drive motor, or drive motors, 
for moving the optical element so as to direct the at least one beam of light 
from a first location on the surface plane to a spaced second location thereon. 
The drive motor(s) may comprise a stepper motor, or other motors designed to 
5 function similarly. 

The beam steering optical element may comprise a wedge prism or a 
tilted or angled plane in a first embodiment, each of which is driven by the drive 
motor. The optical element may also comprise a holographic or a diffractive 
optical imaging element in a second embodiment thereof such that a motor is 

10 not required, the optical element serving both to split the optical energy, i.e. the 
at least one beam of light, and to direct the at least one beam of light to the at 
least two spaced locations on the surface plane. 

In another embodiment of the invention, the light beam generation and 
focusing device will be sized and shaped to fit within the hand of the device 

15 user, and will comprise a power supply, a light source, and a beam steering 
device fitted within the housing for directing the at least one beam of light 
emitted therefrom to the at least two spaced locations on the surface plane, or 
alternately may comprise at least two separate light sources within the housing, 
i.e., two separate laser diodes, used to emit separate beams of light. 

20 Accordingly, in still another embodiment of the invention, the light source 

will comprise at least two laser diodes mounted on a common mounting block. 
Each of the laser diodes will preferably comprise a laser diode chip, although 
other types of suitable light emitting sources may be used. Each laser diode 
chip will be spaced approximately eight hundred (800) microns apart from each 

25 adjacent one of the laser diode chips for forming a predetermined pattern of 
light beams directed toward the surface plane. 

The device also includes a controller/microprocessor coupled to the light 
source and/or to the beam steering device, where one is provided, for 
controlling the emission of the at least one beam of light, and for directing the 
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at least one beam of light to the at least two spaced locations on the surface 
plane. 

An improved method of emitting a focused beam of light directed to a 
surface plane results from the unique construction of this invention, the method 
5 including the steps of emitting at least one beam of light from a light source, 
passing the at least one beam of light through a lens assembly for being 
focused on the surface plane, and sequentially directing the at least one beam 
of light to at least two spaced locations on the surface plane with the device. 
The step of sequentially directing the at least one beam of light may 
10 include the step using a beam steering device, or using at least two spaced 
light sources. Moreover, the method may include the step of sequentially 
directing the at least one beam of light to at least four spaced locations on the 
surface plane for forming a predetermined pattern thereon. 

The objects, features, and advantages of the present invention will 
15 become apparent upon reading the specification, when taken in conjunction 
with the accompanying drawings, to which the invention is directed. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic illustration of a known type of laser poration device. 
20 Fig. 2 is a schematic illustration of a first embodiment of the light beam 

generation and focusing device of this invention. 

Figs. 3A and 3B are schematic illustrations of a second embodiment of 
the light beam generation and focusing device of this invention. 

Fig. 4 is a schematic illustration of the light beam generation and 
25 focusing device of Figs. 3A and 3B. 

Fig. 5 is a schematic illustration of a combined light source and lens 
assembly for use with the light beam generation and focusing device of this 
invention. 
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Figs. 6A-6C illustrates three separate embodiments of a beam steering 
optical element that may be used as a part of the beam steering device of the 
invention. 

Fig. 7 is a partial schematic perspective illustration of a third 
5 embodiment of the light beam generation and focusing device of this invention. 
Fig. 8 is a partial exploded schematic view of the embodiment of the 
light beam generation and focusing device of Fig. 7. 

Fig. 9 is a schematic illustration of the light beam generation and 
focusing device of Figs. 7 and 8. 
10 Fig. 10 is a schematic side elevational view along line 10-10 of Fig. 7. 

Fig. 1 1 is a schematic illustration of a fourth embodiment of the light 
beam generation and focusing device of this invention. 

Fig. 12 is a schematic illustration of a fifth embodiment of the light beam 
generation and focusing device of this invention. 
15 Fig. 13 is a circuit diagram of the control circuit used in connection with 

the embodiments of the light beam generation and focusing device of Figs. 2- 
12. 

DETAILED DESCRIPTION OF THE INVENTION 

20 Referring now in detail to the drawings, in which like reference 

characters indicate like parts throughout the several views, a first embodiment 
of the light beam generation and focusing device of 15 of this invention is 
illustrated in Figs. 2 and 5. The device 15 is provided with a light source 16, 
here a suitable laser diode, for example those laser diodes manufactured by 

25 High Power Devices, or other laser diodes, also referred to as semiconductor 
diode lasers. 

The light source 16 will preferably be a low-cost solid state laser diode 
capable of delivering a beam a light having an emission wave length of 
approximately eight hundred nanometers, or at such other wave lengths and 
30 power levels necessary for the intended purposes, which may include, but are 
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not limited to, the forming of a micropore in the stratum corneum of a person's 
skin. Also, it is anticipated that the laser diode will be sized such that it will be 
sufficiently small so as to be portable enough to fit within a hand-held housing. 
Although not shown in Figs. 2 and 5, the light source 16 will be powered by a 
5 suitable power source 25, which may include batteries, including, but not 
limited to, lithium, lithium-ion, nickel-metal hydride, and nickel-cadmium 
batteries; a capacatively charged power source, for example a storage 
capacitor; or a regulated wall type power supply capable of converting an 
electrical line voltage into the voltage needed to operate the device. 

10 As shown in Figs. 2-5, the light source 16 is fitted with a collimating lens 

17 mounted directly to the light source. It is envisioned that the collimating lens 
17 will comprise a micro lens, and may also therefore include a cylindrical 
micro-lens adapted to gather the light emitted from the light source 16, and to 
collimate the light so that it is emitted therefrom as an aligned and oriented 

15 beam of light directed toward a spaced focusing lens 19. The focusing lens will 
direct the beam of light toward a focal point 21 defined on a spaced surface 
plane "S", which is any desired surface plane, to include the stratum corneum 
of a person, or any other surface on which the beam of light is to be focused. 
Fig. 5 illustrates an alternate embodiment of the arrangement of the 

20 device 15 shown in Fig. 2, in that the focusing lens 19 is affixed to a casing 23, 
the casing in turn being affixed to the light source 16 along with the collimating 
lens 17 so that the light source and lens assembly are formed as one compact 
assembly designated by the reference character "L." The construction shown 
in Fig. 5 offers a compact and efficient arrangement which is advantageous for 

25 use in a hand-held light beam generation and focusing device. 

A second embodiment of the light beam generation and focusing device 
15 is illustrated in Figs. 3A & B, and in Fig. 4. In this embodiment of the device 
the light source 16 is again provided with a collimating lens 17, a micro-lens, 
fitted directly to the light source, with a spaced focusing lens 1 9 for focusing 

30 the beam of light 20. However, and unlike the first embodiment of this 
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invention, the device 15 includes a beam steering device 28 constructed and 
arranged to receive the focused beam of light, and to direct the beam of light to 
at least two spaced locations on the surface plane. This is accomplished by 
positioning a beam steering optical element 29 between the focusing lens 19 
5 and the surface plane S, such that the beam steering optical element 

intercepts the focused beam of light, and selectively directs the beam of light to 
a first focal point 21 on the surface plane, and then to at least a second spaced 
focal point 21' on the surface plane, shown in broken lines. 

The beam steering device will include in a first embodiment thereof a 

10 drive assembly 31, best shown in Figs. 3A and 3B, comprised of a drive motor 
32, here a stepper motor, a mounting collar 33 for mounting the stepper motor 
to the casing 23 of the light source 16, a gear train 35 having a drive gear 35' 
rotated by the stepper motor 32, a driven gear 35" affixed to the beam steering 
optical element 29, and a motor controller 36 for operating the stepper motor 

1 5 so that it will move the beam of light 20 from the first focal point 21 to at least 
the second spaced focal point 21', as shown in Fig. 4. Although not shown, it 
is envisioned that more than one drive motor may be provided as a part of the 
beam steering device. 

Referring now to Figs. 3A and 3B, the light beam generation and 

20 focusing device 15 includes a hand-held housing 24 in which the device is 
fitted. The housing is sized and shaped to fit within the hand of the device 
user, and is provided with a suitable power supply 25, as described above. It is 
preferred, although not required, that the power supply be battery powered, 
and more preferably, that it be one of the known types of rechargeable 

25 batteries. 

As shown in Figs. 3A and 3B, the device 15 will include the compact 
collimating lens assembly shown in Fig. 5, which assembly will have the beam 
steering device 28 fitted thereto by the mounting collar 33 as described above. 
A controller 27, also referred to herein interchangeably as a microprocessor or 
30 microcontroller, is provided as a part of the device, and is positioned within the 
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housing 24 for controlling the light source such that a pulsed laser beam is 
generated and emitted therefrom, and which also signals a motor controller 36 
for controlling the operation of the beam steering device drive motor. 

The construction of the controller 27 and of the motor controller 36 is not 
5 shown in greater detail as these are otherwise conventional control or 

microprocessor chips adapted for use in both controlling the operation of the 
light source 1 6, as well as operating the motor 32. Each of the controller 27 
and the motor controller 36, as well as the controller 64 described hereinbelow, 
therefore comprises a conventional microprocessor available from a variety of 

10 vendors/manufacturers in known constructions, and which will either be pre- 
programmed or programmable, as known, and will also be provided with a 
memory or access to a memory storage and retrieval device. 

Moreover, although a stepper motor 32 is disclosed herein for use in 
driving the beam steering optical element 29, it is understood by those skilled 

15 in the art that any suitable motor, or controllable actuator, including, but not 
limited to a servomotor, a solenoid, a pneumatic cylinder, a hydraulic cylinder, 
or the like, could be used for this purpose, as desired. A stepper motor is 
preferred here for its ability to precisely control the movement of the beam 
steering device. 

20 The actual physical construction of the device 15 shown in Figs. 3A and 

3B is not discussed in greater detail for the reason that the manner and 
method of assembling the components is well known, and will comprise the 
use of a PC board to which the controllers 27 and/or 36 will be affixed, and to 
which the power supply 25 will also be connected through the known types of 

25 electronic circuits, as is the light source 16. 

Although, the device 15 shown in Figs. 3A and 3B uses the compact 
light source and lens assembly L shown in Fig. 5, it is also envisioned that the 
device could use conventional spaced collimating and focusing lenses which 
are not affixed to or mounted on the light source 16 and the casing 23, 
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respectively, as shown, for example, in U.S. Patent No. 5,885,21 1 to Eppstein 
et al., the provisions of which are incorporated fully herein by this reference. 

Moreover, although the beam steering optical element 29 shown in Fig. 
4, as well as in Fig. 6A is an inclined optical plane 38, it is anticipated that other 
5 embodiments of the beam steering optical element may be used, as shown in 
Figs. 6B and 6C. Referring now to Fig. 6B, the beam steering optical element 
29 may comprise a wedge shaped prism 39 positioned anywhere in the optical 
beam path, but which is preferably positioned between the focusing lens (not 
shown) and the focal point 21 on the surface plane (Fig. 4). The prism 39 will 

10 be moved by the drive motor 32, the prism being held by a suitable support 

structure or framework with respect to the light source 1 6 of Figs. 2-5. Both the 
optical plane and the prism will be rotated about a central axis "A" positioned 
coaxially with the axis of the light source for directing the beam of light to the at 
least two spaced locations 21, 21 ', on the surface plane. 

1 5 The optical plane 38 comprises a tilting, flat optical window, or plate, 

which may be positioned between either the light source and the collimating 
lens, or between the focusing lens and the surface plane. The focal point of 
the beam of light can thereby be steered by tilting this flat optical window in the 
x and y dimensional planes, where the thickness of the window affects the 

20 beam of light via refraction of the light beam leading to a lateral translation of 
the focal point in an amount related to the degree of tilt in the desired direction. 
The steering of the beam of light in this fashion offers some cost advantages 
over an optical wedge in that an optical window/plane is a simpler element to 
fabricate. 

25 Each of the optical plane 38 of Figs. 4 and 6A, and the prism 39 of Fig. 

6B comprise an optical quality glass or plastic element, respectively, the plane 
38 being a plate or sheet of glass or plastic, whereas the prism 39 will shaped 
as a prism of any suitable construction or configuration. All that is required is 
that the plane 38, prism 39 be suitable for bending light to be incident at the 

30 required distance from the optical axis, and be provided with suitable 
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transmissability and anti-reflective coatings at the desired wavelengths. The 
optical plane of Figs. 4 and 6A is mounted in an inclined fashion in a holder, 
while the prism is mounted in an erect manner. 

Yet another embodiment of the beam steering device 28 is shown in Fig. 
5 6C, which embodiment does not utilize the drive assembly 31 of Figs. 3A and 
3B. Instead, a holographic or diffractive optical element 40 is used which 
masks the beam of light received from the upstream light source, such that 
discrete beams of light 20 are passed toward the surface plane to the separate 
focal points 21, 21" thereon. This type of holographic or diffractive imaging into 

10 multiple focal points is preferably done using a monochromatic light source, 
such as a laser diode. Additionally, when using these types of holographic or 
diffractive optical elements, to ensure an equal distribution of optical energy to 
the various focal points, it is preferable to mask the first order image and use 
only the multiple second order images emitted from the element. 

15 Although, reference has been made hereinabove to a first focal point 21 

and a second focal point 21', or 21", respectively, it is envisioned that the beam 
steering embodiments of the device 15 will be used to direct the beam of light 
to at least two, and as many more spaced locations/focal points on the surface 
plane as desired. A preferred light pattern here is shown as having four 

20 spaced focal points on the surface plane spaced at least eight hundred 

microns apart from one another for defining a predetermined pattern of focal 
points, or openings if the device is being used to define a plurality of 
micropores through the stratum corneum and into the viable layers of the 
epidermis of a person. The beams of light emitted from the device, in each of 

25 its several embodiments, will preferably penetrate to a depth of at least 80 to 
100 microns beneath the outermost surface of the skin layers. This type of 
construction is desirable for allowing the interstitial fluids to be collected from a 
plurality of closely grouped micropores for expediently testing the interstitial 
fluids for analytes or for any other desired purpose(s). 
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It is envisioned, therefore, that the beam(s) of light can be formed into 
any type of geographic pattern capable of being defined on a surface plane, 
which may thus include a hexagonal shaped pattern, a rectangular pattern, a 
circular pattern, or a pattern of any desired type, based upon the operating 
5 program stored within the controller 27 and/or the motor controller 36 of the 
device, all as desired by the end user of the device, based on the known types 
of programmable control/microprocessor chips available in the art, and the 
known methods of programming same. 

A fourth embodiment of the light beam generation and focusing device 

10 50 is illustrated in Figs. 7-9. Referring first to Figs. 7 and 8, in this embodiment 
of the invention, rather than using a beam steering device 28 as shown in Figs. 
3A - 4, a plurality of light sources 51 , again laser diodes as described above, 
are mounted to a common mounting block 52 in the desired geometric pattern 
to be defined on the surface plane of Figs. 10-12. Each one of the light 

15 sources 51 will be mounted on the mounting block, which also functions as 
either a ground or an electrode, by an insulated wire bonding pad 54 for 
forming either the anodic or cathodic lead for the laser diode, respectively, 
whereas the respective cathodic/anodic leads will be formed through the 
known wire bonding techniques. The emitting facets of the respective laser 

20 diodes will preferably be aligned along the "z" dimensional axis such that when 
collimated and re-imaged to focus on the surface plane, the focal point of each 
individual laser diode will lie on the common surface plane. 

Each of the insulated wire bonding pads 54 will be separately positioned 
within a respective one of the depressions 54' defined within the mounting 

25 block, with the laser diodes being soldered or otherwise bonded to the heatsink 
and wired to the bonding pads, and thus to the mounting block 52. The wire 
bonding pads are insulated from the mounting block so that the block can 
provide the "opposite" electrical supply, be it positive, or negative, as desired. 
The mounting block, be it a common ground or a common positive, will 
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preferably comprise a block of high thermal conductivity copper, or other high 
quality thermally conductive heatsink materials. 

Four spaced light sources 51 , illustrated in Fig. 7 as four separate laser 
diodes, together define a predetermined pattern shown by the broken lines as 
5 designated by the reference character "D". Each of the respective laser diodes 
will be spaced approximately eight hundred microns apart from each adjacent 
laser diode within this predetermined pattern. Here, rather than emitting a 
single beam of light with a single light source and then "steering" the beam of 
light, a plurality of separate light beams, in this instance four light beams, will 

10 be emitted from the device in sequential fashion toward the surface plane S. 
This eliminates, entirely, the need for any kind of mechanical device interposed 
between the respective light sources 51 and the surface plane. As with the 
beam steering embodiment of the invention, the beams of light emitted from 
the respective light sources are capable of being formed into any type of 

15 geographic pattern capable of being defined on a surface plane, as governed 
by the mounting pattern of the laser diodes on the mounting block. 

Referring now to Fig. 9, the construction of the light beam generation 
and focusing device 50 is described in greater detail. The device 50 is 
provided with four light sources 51, each of which comprises a laser diode, for 

20 example a single active element laser diode chip. Each laser diode is affixed 
to the mounting block 52 as an assembly 51 A. The assembly fits within a lens 
holder 55, to which a lens assembly 56 is fitted. The lens assembly 56, as 
shown in Fig. 9, includes a collimating lens 58 and a spaced focusing lens 59. 
A casing 60 is fit over the lens assembly 56, and hold the lens assembly in 

25 position with respect to the lens holder 55 and the laser diode assembly 51 A. 

The casing 60, lens assembly 56, and laser diode assembly 51 A are 
fitted within a housing 62, the housing being sized and shaped to be held 
within the hand of a user. A suitable power supply 63 is provided within the 
housing, this being the same type of power supply as is power supply 25, 

30 described above. 
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The device 50 will include a controller/microcontroller 64, a known type 
of microprocessor, as described hereinabove, and is provided with a resistor 
pin network 66 which provides a series of pull down resistors used to prevent 
the lasers from firing without the proper actuating command. The device 50 
5 also includes a three pin header 67, provided as a programming port for the 
controller 64, in known fashion. The controller 64, as well as the resistor 
network 66, and the header 67 are fit within an electronics compartment 
defined within the housing, with an electronics compartment cover 68 fitted 
thereto for enclosing the electronics controls of the device within the housing. 

10 Still referring to Fig. 9, a plurality of spaced pogo pins 70 are provided 

for connection to the power supply 63, assuming the power supply comprises 
batteries, as described hereinabove, batteries being preferred for providing 
ease of portability in the use of the device. The housing is also provided with a 
power switch 71 for operating the device, and includes a plurality of 

1 5 conventional fasteners 72 for affixing the laser diode assembly 51 A to the 

housing, and a plurality of fasteners 74 for affixing the electronics compartment 
cover to the housing as well. The device 50 is also provided with a bi-color 
LED 75 for the purpose of indicating a ready status in which the device is 
charged and ready for use, and a firing status indicating that the light source, 

20 the laser diode or diodes, are firing. For example, a flashing green light may 
be used to indicate the ready status, and a flashing red or amber light to 
indicate that the device is firing, and to meet the appropriate BRH/FDA laser 
safety warning requirements. 

Referring now to Fig. 1 0, the embodiment of the device shown in Figs. 

25 7-9 is shown in a schematic side elevational view. Two spaced light sources 
51 , a pair of laser diodes, are shown affixed to the mounting block 52. Each 
light source emits a separate beam of light 20 toward a first collimating lens 58, 
which gathers and collimates the light, and passes it to a spaced downstream 
focusing lens 59, such that the beams of light are separately focused at focal 

30 points 21,21' on the surface plane. Again, although only two focal points are 
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shown, it is understood by reference to Figs. 7 and 8, that there will be at least 
four such focal points formed into the shape of a predetermined pattern on the 
surface plane. 

The device of Fig. 10 may be used with any conventional lens assembly, 
5 such as that shown in Fig. 9, and comprising lens assembly 56. However, the 
embodiment of light beam generation and focusing device 50 shown in Figs. 7- 
10 may also be used with the micro-lens construction of the device shown in 
Figs. 2-5, such that, and as shown in Fig. 11, a micro-lens 77 is affixed to each 
light source/laser diode 51 for gathering and collimating the respective light 

10 beams, and passing the light beams to a spaced focusing lens 59, which then 
passes the light beams to two separate focal points 21, 21\ 

If full advantage of the construction shown in Figs. 2-5 is to be achieved, 
then the construction of Fig. 12 results, in which each one of the light sources 
51 is provided with a compact lens assembly and casing as shown in Fig. 5, 

15 such that the micro-lens is affixed directly to the laser diode, and a casing is 
also affixed to the laser diode, whereupon the focusing lens is affixed to the 
casing so that no separate collimating and focusing lens assemblies are 
needed for focusing and directing the separate beams of light 20 towards the 
focal points 20, 21' on the surface plane. 

20 In the embodiment of the light beam generation and focusing device 

shown in Figs. 2-6, the construction of the device, namely there being a beam 
steering device 28 provided as a part thereof, results in the sequential direction 
of a focused beam of light to at least two, and more preferably four, spaced 
focal points 21 on the surface plane. In particular, for the embodiments of the 

25 device shown in Figs. 6A and 6B, a stepper motor and a focal plane 38 and/or 
a prism 39 are used to steer the beam of light. As it necessary to physically 
move the beam steering optical element 29 for directing the beam of light 20 to 
any separate one of the different focal points 21 , 21\ and so on defined on the 
surface plane, the direction of the beam of light must necessarily be done in 
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sequence with a first focal point being established, and with any and all 
subsequent focal points being established in sequential order. 

For the embodiment of the device 1 5 shown in Fig. 6C, using the 
holographic or diffractive optical element 40, and which does not otherwise use 
5 a drive motor as a part of the beam steering device, it is possible that the beam 
of light may be simultaneously directed to the several focal points formed on 
the surface plane. If, however, and not illustrated but envisioned, the 
holographic/diffractive element is used in combination with a beam steering 
device positioned between the light source 16 and the downstream holographic 

10 plate, then the focal points would be established sequentially, all as desired, 
and as programmed into the controller 27 of the device. 

With regard to the embodiment of the device illustrated in Figs. 7-12, 
however, still greater flexibility results from the construction of the device in that 
the controller 64 will preferably operate each of the four light sources/laser 

15 diodes 51 sequentially for emitting separate beams of light from each 
respective laser diode toward the surface plane. However, due to the 
construction of the device shown in Figs. 7-12, it is also possible that the 
controller 64 could be programmed so that each one of the light sources 51 
fires simultaneously, although this is not preferred when compared to 

20 sequential operation of the device in that the peak power drain on the battery 
of the device would be much greater than from sequential operation. Also it is 
possible that if all of the laser diodes of the device were operated 
simultaneously the device would heat up more quickly, requiring a greater 
cooling capacity for the mounting block 52, and there would likely be a 

25 noticeable discomfort factor for the person on whose stratum corneum, for 
example, the multiple light beams were focused as the surface plane. 

Referring to Fig. 13, a control circuit 100 is shown which may be used to 
operate either the stepper motor for the beam steering device 28 (Figs. 3A-4, 
6A-6B) or to drive the multiple lasers in the embodiment shown in Figs. 7-12. 

30 The control circuit 100 comprises a programmable controller 110, the power 
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switch 71 (referred to above), and a plurality of laser drive circuits 120. In 
addition, the circuit 100 drives status indicators 130 and 132 (referred to 
above) which are, for example, the bi-colored light emitting diodes (LEDs) 75. 
Each laser drive circuit 120 comprises a field effect transistor (FET) 122 that 
5 act as a high current switch to activate a corresponding one of the light sources 
51 . The light sources 51 are, for example, laser diodes. A diode 124 is 
included in each laser drive circuit 120 to provide protection for the light 
sources 51 in the event a static discharge occurs. The parallel resistor- 
capacitor combination in each laser drive circuit 120 acts as a filter for pulse 

1 0 smoothing and to reduce electrical switching spikes that may occur when the 
control circuit 100 is powered on. 

The controller 1 10 is, for example, a programmable micro-controller and 
is programmed to time the on/off time signals coupled to the laser drive circuits 
1 20 for sequencing the operation of the light sources 51 . For example, four of 

1 5 the pins may be programmed to the proper sequence of time on vs. time off to 
drive the drive (stepper) motor for the beam steering device 28. Alternatively, 
four of the pins may be programmed to the proper sequence of time on vs. time 
off to power the field effect transistors which act as the high current switches 
used to turn the light source(s), here laser diodes, on and off in the desired 

20 sequence. The outputs of the controller 1 1 0 that is coupled to the laser drive 
circuits 120 are found at pins 11-14 thereof. 

The signal on each of these pins is coupled to the gate of a FET 122 of 
a corresponding laser drive circuit 120, and causes the desired time on vs. time 
off for a light source. The controller 110 also drives the status indicators 130 

25 and 132 according to the status of the signals on pins 11-14. Programming of 
the controller 1 10 is achieved by a suitable programming interface 112 that 
supplies programming signals to pins 3 and 4 of the controller 110. 

The controller 110 is also programmable to generate similar timing 
signals at pins 1 1-14 to drive a stepper motor in the beam steering device 28 

30 shown in Figs. 3A-4, 6A-6B, thereby controlling the location of the laser beam. 
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Although, several embodiments of the invention have been disclosed in 
the foregoing specification, it is understood by those skilled in the art that many 
modifications and other embodiments of the invention will come to mind to 
which the invention pertains, having the benefit of the teaching presented in 
5 the foregoing description and associated drawings. It is thus understood that 
the invention is not limited to the specific embodiments disclosed herein, and 
that many modifications and other embodiments of the invention are intended 
to be included within the scope of the appended claims. Moreover, although 
specific terms are employed herein, as well as in the claims, they are used in 
1 0 the generic and descriptive sense only, and not for the purposes of limiting the 
described invention, nor the claims which follow. 
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WE CLAIM: 

1 . A light beam generation and focusing device for directing at least one 
focused beam of light at a surface plane, said device comprising: 

a light source constructed and arranged to emit at least one beam of 
light; and 

a lens assembly constructed and arranged to focus said at least one 
beam of light on the surface plane; 

said device being constructed and arranged to sequentially direct the at 
least one beam of light to at least two spaced locations on the surface plane. 

2. The device of claim 1, said lens assembly comprising a collimating lens 
positioned with respect to the at least one beam of light and a focusing lens 
spaced from the collimating lens. 

3. The device of claim 2, said collimating lens and said focusing lens each 
comprising a fresnel lens. 

4. The device of claim 2, said collimating lens comprising a micro lens. 

5. The device of claim 4, said micro lens comprising a cylindrical micro 
lens. 

6. The device of claim 4, said micro lens being mounted to said light 
source. 
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7. The device of claim 1 , said light source comprising at least one laser 
diode. 

8. The device of claim 7, said at least one laser diode further comprising a 
semiconductor laser diode chip. 

9. The device of claim 7, said lens assembly having a micro lens affixed to 
said at least one laser diode and through which said at least one beam of light 
passes. 

10. The device of claim 9, said micro lens comprising a cylindrical micro 
lens. 

1 1 . The device of claim 7, comprising a casing within which said at least one 
laser diode is positioned, said lens assembly comprising a focusing lens affixed 
to said casing and spaced from said at least one laser diode. 

12. The device of claim 1 1 , said lens assembly further comprising a 
collimating lens affixed to said at least one laser diode, said focusing lens 
being spaced from said collimating lens. 

13. The device of claim 1, comprising a beam steering device constructed 
and arranged to direct said at least one beam of light to said at least two 
spaced locations on the surface plane. 

14. The device of claim 13, said beam steering device comprising a beam 
steering optical element and a drive means for moving said optical element so 



WO 00/78242 



PCT/US00/16576 



21 

that said at least one beam of light is directed from a first location on the 
surface plane to a second spaced location thereon. 

15. The device of claim 14, said drive means comprising a stepper motor, 
said optical element being selected from one of the group of optical elements 
consisting of a wedge prism and a tilted or angled plane. 

16. The device of claim 15, further comprising a motor controller coupled to 
said stepper motor for control the movement of said beam steering device. 

1 7. The device of claim 1 3, further comprising a controller coupled to said 
beam steering device, said controller being constructed and arranged to control 
the movement of said beam steering device to sequentially direct said at least 
one beam of light to said at least two spaced locations on the surface plane. 

18. The device of claim 13, said beam steering device comprising a beam 
steering optical element, said optical element being selected from one of the 
group of optical elements consisting of a wedge prism, a tilted or angled plane, 
and a holographic plate. 

19. The device of claim 1 , said device being constructed and arranged to 
sequentially direct the beam of light to at least four spaced locations on the 
surface plane in a predetermined pattern. 

20. The device of claim 1 9, said at least four spaced locations on the 
surface plane defining a predetermined pattern thereon. 
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21 . The device of claim 1 9, each of the at least four spaced locations on the 
surface plane being spaced approximately eight hundred microns from each 
adjacent one of said at least four spaced locations thereon. 

22. The device of claim 1 , said light source and said lens assembly being 
fitted within a housing sized and shaped to fit in the hand of a device user. 

23. The device of claim 22, further comprising a power supply within said 
housing for powering said light source. 

24. The device of claim 22, further comprising a beam steering device 
positioned within said housing with respect to said light source, said beam 
steering device being constructed and arranged to direct said at least one 
beam of light to said at least two spaced locations on the surface plane. 

25. The device of claim 24, further comprising a controller within said 
housing, said controller being operably coupled to said power supply, said light 
source, and said beam steering device, for triggering the emission of said at 
least one beam of light from said light source and for directing said at least one 
beam of light to said at least two spaced locations on the surface plane. 

26. The device of claim 22, said light source comprising at least two laser 
diodes mounted to a mounting block positioned within said housing. 

27. The device of claim 26, further comprising a controller coupled to each 
of said at least two laser diodes and adapted to sequentially operate each said 
laser diode with respect to the other for directing the beam of light to said at 
least two spaced locations on the surface plane. 
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28. The device of claim 1 , said light source comprising at least two laser 
diodes mounted on a mounting block. 

29. The device of claim 28, said light source comprising four spaced laser 
diodes mounted on a common mounting block. 

30. The device of claim 29, each of said at least two laser diodes comprising 
a single active element laser diode chip. 

31 . The device of claim 30, each said laser diode chip being spaced 
approximately eight hundred microns from each adjacent one of said laser 
diode chips. 

32. The device of claim 30, said laser diode chips being spaced apart from 
one another to form a predetermined pattern of beams of light directed to the 
surface plane. 

33. The device of claim 28, comprising a microcontroller coupled to each 
said laser diode and adapted to sequentially operate each said laser diode with 
respect to one another for emitting said at least one beam of light and for 
sequentially directing said at least one beam of light to said at least two spaced 
locations on the surface plane. 

34. The device of claim 28, said mounting block comprising a copper 
mounting block having a first planar surface, a spaced parallel second planar 
surface, and a plurality of sides adjoining one another and each said planar 
surface along their respective common edges. 
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35. The device of claim 34, each of said at least two laser diodes being 
mounted to a separate one of the sides of said mounting block. 

36. The device of claim 34, comprising a separate insulated wire bonding 
pad on said mounting block for each respective one of said at least two laser 
diodes. 

37. The device of claim 1 , comprising a controller constructed and arranged 
to sequentially direct said at least one beam of light to said at least two spaced 
locations on the surface plane. 

38. A method of generating a focused light beam directed to a surface 
plane, comprising: 

a) emitting at least one beam of light from a light source; 

b) passing the at least one beam of light through a lens assembly 
and focusing said at least one beam of light on the surface plane in 
response thereto; and 

c) sequentially directing the at least one beam of light to at least two 
spaced locations on the surface plane. 

39. The method of claim 38, comprising the step of directing the at least one 
beam of light to a first location on the surface plane and then to a spaced 
second location thereon using a beam steering device. 
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40. The method of claim 38, comprising the step of emitting at least two 
separate beams of light toward the surface plane using at least two spaced 
laser diodes. 

41 . The method of claim 38, comprising the step of sequentially directing the 
at least one beam of light to at least four spaced locations on the surface plane 
in a predetermined pattern. 

42. The method of claim 41 , comprising the step of directing the at least one 
beam of light to each of said at least four spaced locations on the surface 
plane so that each said location is spaced approximately eight hundred 
microns from each adjacent one of said spaced locations. 
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